Ecosystem services provided by native New Zealand plants in vineyards by Tompkins, Jean-Marie
 
 
 
 
 
 
 
 
 
Lincoln University Digital Thesis 
 
 
Copyright Statement 
The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand). 
This thesis may be consulted by you, provided you comply with the provisions of the Act 
and the following conditions of use: 
 you will use the copy only for the purposes of research or private study  
 you will recognise the author's right to be identified as the author of the thesis and 
due acknowledgement will be made to the author where appropriate  
 you will obtain the author's permission before publishing any material from the 
thesis.  
 
  
 
 
Ecosytem services provided by native New Zealand plants  
in vineyards 
 
 
 
A thesis 
submitted in partial fulfilment 
of the requirements for the Degree of 
Doctor of Philosophy 
 
at 
Lincoln University 
by 
Jean-Marie Tompkins 
 
 
 
 
Lincoln University 
2010 
 
  
 ii 
  
 iii 
Abstract of a thesis submitted in partial fulfilment of the 
requirements for the Degree of Doctor of Philosophy. 
 
Ecosystem services provided by native New Zealand plants  
in vineyards 
 
by 
Jean-Marie Tompkins 
 
This thesis investigates the value of native New Zealand plants within the agricultural 
landscape of the Waipara District, Canterbury Province, New Zealand with regards to their 
provision of ecosystem services (ES). ES have undergone extensive study with the conclusion 
that they are vital to maintain and improve the productivity of agricultural systems. Today, as 
concerns about the continued loss of biodiversity caused by agriculture mount, there is an 
urgent need to understand further the value of native plants. An appreciation of the ES which 
native plants provide would give cause for their conservation and restoration; as these services 
may improve agricultural sustainability. This study assessed several ES that native plants 
potentially provide. These included conservation biological control (CBC), marketing 
opportunities, biodiversity conservation, soil health, greenhouse gas sequestration (GHG) and 
weed suppression. Of these, the first two received greatest attention in this thesis. While the 
research predominantly focussed on the value native plants may have within vineyards, it also 
considered agricultural systems in general. 
 
Native plant species were assessed in the laboratory to determine their relative ability to 
enhance the fitness of pest and agriculturally beneficial invertebrates; helping to assess the 
potential for these species to enhance CBC. A field trial investigated the ability of different 
native plant species to provide ES when deployed beneath grapevines. Assessments for 
survival, growth, flowering characteristics and invertebrate visitation, weed suppression, 
resident arthropod diversity, soil parameters and agronomic practicalities were undertaken to 
determine which plant species may be recommended to wine growers for their ES provision. 
Remnants of native vegetation within the Waipara valley of North Canterbury were also 
assessed for their provision of resources to sustain arthropods which may in turn contribute 
ES within the agricultural landscape. The potential for native plants in viticultural landscapes 
to provide marketing opportunities was evaluated by a survey of winery visitors, while 
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another survey of wine growers clarified the factors influencing their adoption of practices 
incorporating native plants.  
 
Results identified several native plant species which may be established to provide particular 
ecosystem services, either around arable crop borders or within vineyards. 
For CBC enhancement around crop borders, the shrub Muehlenbeckia astonii Petrie 
(Polygonaceae) may improve the management of the brassica (Brassica spp.) pest Plutella 
xylostella L. (Lepidoptera: Plutellidae) as the floral resources of this plant significantly 
enhanced the fitness of this pest‟s natural enemy. Other plant species which significantly 
enhanced the fitness of natural enemies included Leptospermum scoparium Cockayne 
(Myrtaceae), Kunzea ericoides A.Rich, Joy Thomps. (Myrtaceae) and Hebe salicifolia 
G.Forst., Pennell (Plantaginaceae). 
 
Of those plant species deployed beneath grapevines Muehlenbeckia axillaris Hook.f., Endl. 
(Polygonaceae), Leptinella dioica Hook.f. (Asteraceae) and Acaena inermis  Hook.f. 
(Rosaceae) were identified as the most suitable plants for potential CBC enhancement in 
vineyards. M. axillaris appeared to be the most suitable species with regards to selective floral 
resource provisioning for leafroller (Lepidoptera: Tortricidae) pest management, while L. 
dioica may be suitable for enhancing the fitness of Cryptolaemus montrouzieri Mulsant 
(Coleoptera: Coccinellidae), a natural enemy of another vineyard pest: mealybug 
(Pseudococcus longispinus (Targioni-Tozzetti)). 
 
The floral resources of matagouri (Discaria toumatou Raoul), the dominant native plant 
species within remnant shrubland of the Waipara valley, enhanced the fitness of Diadegma 
semiclausum Hellén (Hymenoptera: Ichneumonidae), an important biocontrol agent of 
brassica pests. Field observations of flowering matagouri suggested that remnants of this 
habitat support populations of a wide array of arthropod biocontrol agents and pollinators. 
Although further work is necessary, the findings support conservation of native remnants in 
agricultural landscapes, on the basis that they are enhancing the ecosystem services of pest 
control and crop pollination. 
 
Assessment of arthropod diversity within the vineyard found diversity was positively affected 
by native plant establishment. For certain plant species, this increased diversity was 
maintained during the winter. This may result in cumulative enhancement of biodiversity 
within the vineyard over time as beneficial invertebrates are retained within the system, rather 
than arriving seasonally from refuges surrounding the crop. While an increase in diversity 
may bring with it improved ES, this will rely on the identity of the species and their function. 
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Therefore while this study has found that native plants do indeed preserve biodiversity, the 
implications of this for the provision of other ES are yet to be resolved. 
 
Native plants deployed within the vineyard varied in their effect on tested soil parameters, 
which included microbial populations and activity, soil moisture, total organic carbon and 
GHG sequestration. Indirect assessments of microbial activity revealed that it was heightened 
in soil directly beneath the native plant L. dioica while little evidence was found for the native 
plants affecting soil moisture levels. No significant effects of the plants on vineyard soil total 
organic carbon, microbial populations or GHG sequestration were observed. These findings 
are likely to have been due to the short time over which plants had been established.  
 
Weed management was a major concern of vineyard operators in Waipara. This study found 
that native plant species L. dioica and A. inermis were capable of suppressing weeds in a 
Waipara vineyard. These species may provide vineyard managers with an alternative form of 
weed control, capable of reducing the currently prevalent mechanical and chemical methods. 
 
Findings suggest wine growers can create marketing opportunities by establishing native 
plants within their properties. Native plants deployed within biodiversity trails at winery 
cellar doors provided wine consumers with an experience which may strengthen their brand 
loyalty to a winery. Additionally, establishing native plants within a regional project which 
aims to improve the sustainability of agricultural production may also provide marketing 
opportunities. Waipara winegrowers participating within „Greening Waipara‟  
(http://bioprotection.org.nz/greening-waipara) mostly agreed that this project provided point 
of difference marketing opportunities and generated greater regional brand recognition. 
For practices incorporating native plants to be adopted by growers, the practice must meet a 
demand, be financially viable and logistically feasible. Projects such as Greening Waipara 
provide a model by which native plants may be established. This project, an example of agro-
ecological extension, increased the awareness of ES that native plants may provide; and 
consequently facilitated grower adoption of practices utilizing these plants. 
 
These findings have implications for conservation on private land, sustainable agriculture and 
the wine industry. Although further research is needed to more fully understand the ES 
provided by native plants in agricultural landscapes, especially in an economic sense, this 
study offers strong evidence that native plants may indeed provide ES which contribute 
towards greater agricultural sustainability. In doing so, they provide tangible incentives for 
their conservation and restoration on farmland. 
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“What good are all those species that man cannot eat or sell?” 
        ~ E. P. Odum 1971 
 
 
The endemic New Zealand plant Anaphalioides bellidioides Glenny in the vineyard. 
 
 
 
  
 viii 
Acknowledgements 
Many people have helped me conduct this research and without them its realisation into a 
thesis would not have been possible. My greatest thanks must go to my supervisor, Steve 
Wratten who motivated me to give things a go and endeavor to be a „world expert‟. Thanks 
also to my external supervisor, Colin Meurk who opened my eyes to the uniqueness of New 
Zealand‟s flora.  My associate supervisor, Glen Creasy, who has taught me much over the 
years about the wonders of viticulture and wine, must also recieve a big thank-you. 
I would like to thank all those that made my field work possible including the many Waipara 
winegrowers who allowed me access to their land. A special thanks to Jean Luc Dufour of 
Mud House Wines, who showed genuine interest in the aspirations of the Greening Waipara 
project. A big thanks to those who helped me plant hundreds of native plants or dig endless 
pitfalls under the baking Waipara sun. Shona Sam, Annie Barnes and Nathan Curtis were 
paraticularly helpful with these efforts. Similarly Ivan Barnett at the BHU was very generous 
with both his time and enthusiasm when it came to some of my wilder ideas. 
I would also like to thank those who helped me climb some steep learning curves concerning: 
insect identification: John Marris and Jagoba Malumbres-Olarte of Lincoln University and 
Robert Hoare and Jo Berry of Landcare Research, statistics: James Ross and Dave Saville, 
nectar analysis: Prof. Felix Wäckers and Robert Hodgson, soil science: Sally Price, Janet 
Bertram, Roger Cresswell, Eirian Jones and Niel Smith, survey design and implementation: 
Joanna Fountain, Keith Warner, Mark Gillespie, Fiona, Robyn, Maria and Emma, insect 
culturing, supply and support: Anne Barrington and Sam Scarratt. Others to thank for 
providing their perspectives on various aspects of the research include Brad Howlet of Crop 
and Food Research, Philip Manson of New Zealand Winegrowers, Jonathon Hamlet of Villa 
Maria Wines and David Reid a winemaker and fellow PhD student of the Hawkes Bay, NZ. 
Penultimately I would like to acknowledge the financial support of Lincoln University and the 
New Zealand Foundation for Research Science and Technology (LINX 0303) which gave me 
the opportunity to conduct this research. 
Finally I wish to extend a big hunk of gratitude to my friends and family who never doubted I 
would get there in the end and who supported me before I entered the „real‟ world. 
  
 ix 
Table of Contents 
Abstract....................................................................................................................................iii 
Acknowledgements ................................................................................................................ viii 
List of Tables .......................................................................................................................... xiv 
List of Figures ........................................................................................................................ xvi 
List of Plates ......................................................................................................................... xviii 
Chapter 1 Introduction ............................................................................................................ 1 
1.1 Converging goals of agricultural production and conservation ........................................ 1 
1.2 Intensive agriculture: the need for sustainable practices................................................... 1 
1.3 Ecosystem services and agriculture .................................................................................. 2 
1.4 Potential ecosystem services provided by native New Zealand plants in agricultural 
landscapes ......................................................................................................................... 5 
1.4.1 Conservation biological control in agriculture ...................................................... 6 
1.4.2 Marketing opportunities ........................................................................................ 8 
1.4.3 Biodiversity conservation ...................................................................................... 9 
1.4.4 Soil health ............................................................................................................ 11 
1.4.5 Greenhouse gas sequestration ............................................................................. 12 
1.4.6 Weed suppression (within vineyards) ................................................................. 12 
1.4.7 Other ecosystem services provided by native plants in agricultural landscapes 
(not investigated within this thesis). .................................................................... 14 
1.5 The value of native plants to the New Zealand wine industry ........................................ 16 
1.6 Aims and objectives of the thesis .................................................................................... 18 
1.6.1 The forming of a thesis ........................................................................................ 18 
1.6.2 Chapter descriptions and their objectives ............................................................ 18 
Chapter 2 Investigating a potential tool for screening native floral resources for 
conservation biological control .............................................................................................. 22 
2.1 Abstract ........................................................................................................................... 22 
2.2 Introduction ..................................................................................................................... 23 
2.3 Materials and methods .................................................................................................... 25 
2.3.1 Measurement of plant nectar sugar ratio ............................................................. 25 
2.3.2 Parasitoid longevity with different sugar ratios .................................................. 26 
2.4 Results ............................................................................................................................. 28 
2.4.1 Plant nectar sugar ratio ........................................................................................ 28 
2.4.2 Parasitoid longevity ............................................................................................. 29 
2.5 Discussion ....................................................................................................................... 31 
Chapter 3 Screening native floral resources for conservation biological control............. 34 
3.1 Introduction ..................................................................................................................... 34 
3.1.1 Lacewings and floral resources ........................................................................... 35 
3.1.2 Parasitoids and floral resources ........................................................................... 36 
3.1.3 Use of floral resources by pest Lepidoptera ........................................................ 37 
3.2 Considerations for floral resource selection and deployment ......................................... 37 
3.3 Materials and methods .................................................................................................... 41 
3.3.1 Sources of insects and floral resources ............................................................... 41 
3.3.2 Accessibility of floral nectar by invertebrates ..................................................... 42 
3.3.3 Experimental design for longevity experiments .................................................. 43 
  
 x 
3.4 Results ............................................................................................................................. 46 
3.4.1 Accessibility of floral nectar by invertebrates ..................................................... 46 
3.4.2 Lacewing longevity with the native floral resources L. scoparium, K. 
ericoides, M. astonii and H. salicifolia ............................................................... 50 
3.4.3 D. semiclausum longevity with the native floral resources L. scoparium, K. 
ericoides, Hebe strictissima, H. salicifolia and M. astonii. ................................. 52 
3.4.4 A. ervi longevity with the native floral resources L. scoparium, K. ericoides, 
L. obcordata and C. cotoneaster .......................................................................... 54 
3.4.5 Lightbrown apple moth longevity with the native floral resources C. 
cotoneaster, K. ericoides  and H. salicifolia ....................................................... 55 
3.4.6 Diamondback moth (DBM) longevity with the native floral resources L. 
scoparium, K. ericoides, M. astonii, H. salicifolia, L. obcordata and O. 
paniculata ............................................................................................................ 56 
3.5 Discussion ....................................................................................................................... 58 
3.5.1 Accessibility of floral resources in relation to insect longevity .......................... 58 
3.5.2 Impact of floral resources on invertebrate longevity .......................................... 59 
3.5.3 Implications for the suitability of tested plant species for conservation 
biological control ................................................................................................. 61 
3.5.4 Experimental limitations: nectar quantity and quality of floral resources .......... 64 
3.6 Conclusions ..................................................................................................................... 65 
Chapter 4 Deploying native plants beneath grapevines for ecosystem service 
enhancement in a North Canterbury vineyard .................................................................... 67 
4.1 Introduction ..................................................................................................................... 67 
4.2 Materials and methods .................................................................................................... 67 
4.2.1 Field trial site description .................................................................................... 67 
4.2.2 Selection criteria for native plant species and trial design .................................. 68 
4.2.3 Growth and survival ............................................................................................ 70 
4.2.4 Ecosystem services provided by native plants beneath grapevines .................... 71 
4.2.4.1 Conservation of biodiversity: Shannon diversity indices...................... 71 
4.2.4.2 Conservation biological control ............................................................ 72 
4.2.4.2.1 Floral densities and duration in the field ............................. 74 
4.2.4.2.2 Floral visitation in the field .................................................. 74 
4.2.4.2.3 Shelter provided to predators: Araneae density ................... 74 
4.2.4.2.4 Use of native floral resources by natural enemies in the 
laboratory ............................................................................. 75 
4.2.4.2.5 Use of native plants by Epiphyas postvittana: a vineyard 
pest ........................................................................................ 78 
4.2.4.3 Effect of native plants on soil parameters ............................................. 81 
4.2.4.3.1 Soil moisture ......................................................................... 81 
4.2.4.3.2 Total soil organic carbon ..................................................... 82 
4.2.4.3.3 Microbial populations .......................................................... 82 
4.2.4.3.4 Microbial activity: bait lamina probes and the TTC 
method .................................................................................. 83 
4.2.4.3.5 Greenhouse gas sequestration by soil bacteria .................... 85 
4.2.4.4 Weed suppression provided by native plants ........................................ 86 
4.3 Results ............................................................................................................................. 86 
4.3.1 Growth and survival ............................................................................................ 86 
4.3.2 Ecosystem services of native plants beneath grapevines .................................... 89 
4.3.2.1 Conservation of biodiversity: Shannon diversity indices...................... 89 
4.3.2.2 Enhancement of conservation biological control .................................. 93 
4.3.2.2.1 Floral densities and duration ............................................... 93 
  
 xi 
4.3.2.2.2 Floral visitation in the field .................................................. 95 
4.3.2.2.3 Shelter provided to predators: Araneae density ................... 96 
4.3.2.2.4 Use of floral resources by natural enemies in the 
laboratory ........................................................................... 100 
4.3.2.2.5 Use of floral resources by adult E. postvittana .................. 103 
4.3.2.2.6 Epiphyas postvittana larval feeding preference ................. 104 
4.3.2.2.7 Epiphyas postvittana larval development ........................... 104 
4.3.2.3 Effects of native plants on soil parameters ......................................... 111 
4.3.2.3.1 Soil moisture ....................................................................... 111 
4.3.2.3.2 Total organic carbon .......................................................... 111 
4.3.2.3.3 Microbial populations ........................................................ 112 
4.3.2.3.4 Microbial activity: bait lamina probes and the TTC 
method ................................................................................ 112 
4.3.2.3.5 Greenhouse gas sequestration by soil bacteria .................. 115 
4.3.2.4 Weed suppression provided by native plants ...................................... 117 
4.4 Discussion ..................................................................................................................... 118 
4.4.1 Growth and survival .......................................................................................... 118 
4.4.2 Conservation of biodiversity ............................................................................. 118 
4.4.3 Conservation biological control ........................................................................ 120 
4.4.4 Soil parameter effects of native plants .............................................................. 127 
4.4.5 Weed suppression .............................................................................................. 130 
4.5 Recommendations to growers ....................................................................................... 131 
Chapter 5 The value of remnant vegetation to agriculture within the Waipara valley . 135 
5.1 Abstract ......................................................................................................................... 135 
5.2 Introduction ................................................................................................................... 136 
5.2.1 The role of non-crop habitat in biodiversity conservation and pest 
management ...................................................................................................... 137 
5.2.2 Native remnants in North Canterbury ............................................................... 138 
5.3 Materials and methods .................................................................................................. 139 
5.3.1 Invertebrate visitors to matagouri floral resources & resident arthropods ........ 139 
5.3.2 Use of matagouri floral resources by a beneficial invertebrate in the 
laboratory .......................................................................................................... 140 
5.3.3 Use of matagouri floral resources by pest invertebrates in the laboratory ........ 140 
5.4 Results ........................................................................................................................... 141 
5.4.1 Invertebrate visitors to matagouri floral resources & resident arthropods ........ 141 
5.4.2 Use of matagouri floral resources by a beneficial invertebrate in the 
laboratory .......................................................................................................... 145 
5.4.3 Use of matagouri floral resources by pest invertebrates in the laboratory ........ 145 
5.5 Discussion ..................................................................................................................... 146 
Chapter 6 Vineyard biodiversity trails: realising the marketing value of native plants 
to New Zealand wineries ...................................................................................................... 149 
6.1 Abstract ......................................................................................................................... 149 
6.2 Introduction ................................................................................................................... 149 
6.3 Methodology ................................................................................................................. 152 
6.4 Results ........................................................................................................................... 154 
6.4.1 Participants ........................................................................................................ 154 
6.4.2 Awareness of the Greening Waipara project and the biodiversity trail ............ 159 
6.4.3 The learning experience provided by the biodiversity trail ............................... 161 
6.4.4 Wine purchasing behaviour and potential brand loyalty of winery visitors ..... 164 
  
 xii 
6.5 Discussion ..................................................................................................................... 166 
6.5.1 Participants ........................................................................................................ 166 
6.5.2 Awareness of the Greening Waipara project and the biodiversity trail ............ 167 
6.5.3 Communication of sustainable vineyard practices to winery visitors ............... 168 
6.5.4 Wine purchasing behaviour and potential brand loyalty of winery visitors ..... 168 
6.6 Conclusions ................................................................................................................... 171 
Chapter 7 The Greening Waipara project: the practicalities of incorporating native 
plants into agricultural landscapes ..................................................................................... 173 
7.1 Abstract ......................................................................................................................... 173 
7.2 Introduction ................................................................................................................... 174 
7.2.1 Ecological engineering: plant growth and survival to indicate ecosystem 
restoration .......................................................................................................... 175 
7.2.2 Ecological engineering: adoption of sustainable agricultural practices by 
Waipara winegrowers ........................................................................................ 176 
7.3 Materials and methods .................................................................................................. 177 
7.3.1 Survival and growth of native plants ................................................................. 177 
7.3.2 Awareness and adoption of sustainable agricultural practices by Waipara 
winegrowers ...................................................................................................... 179 
7.3.2.1 Survey design ...................................................................................... 179 
7.3.2.2 Survey distribution and collection ...................................................... 180 
7.4 Results ........................................................................................................................... 181 
7.4.1 Survival and growth of native plants ................................................................. 181 
7.4.1.1 Potential factors affecting growth and survival .................................. 185 
7.4.2 Adoption of sustainable agricultural practices by Waipara winegrowers: 
Survey findings ................................................................................................. 188 
7.5 Discussion ..................................................................................................................... 199 
7.5.1 Survival and growth of native plants ................................................................. 199 
7.5.2 Adoption of practices by growers ..................................................................... 201 
7.5.2.1 Grower adoption of buckwheat and native ground-covering plant 
protocols .............................................................................................. 201 
7.5.2.2 Use of native plants to provide various ecosystem services ............... 203 
7.5.3 Influence of the Greening Waipara project on adoption ................................... 204 
7.5.4 Perceived benefits of the Greening Waipara project ......................................... 204 
7.5.5 Implications of findings .................................................................................... 205 
7.6 Conclusions ................................................................................................................... 208 
Chapter 8 Concluding discussion ........................................................................................ 210 
8.1 Key objectives ............................................................................................................... 210 
8.2 Likelihood of adoption by agriculturalists .................................................................... 213 
8.3 Implications for the New Zealand wine industry .......................................................... 214 
8.4 Implications for sustainable agriculture ........................................................................ 216 
8.5 Implications for conservation ........................................................................................ 216 
8.6 Evaluating the ecosystem services of native plants ...................................................... 217 
8.7 Potential future research ................................................................................................ 218 
References.............................................................................................................................. 222 
Appendix ............................................................................................................................... 254 
A.1 Kaplan Meier survivorship curves for male (a) and female (b) lacewing (Section 
3.4.2, experiment 3) and LBAM (c) (Section 3.4.5) ..................................................... 254 
  
 xiii 
A.2 Preliminary investigation of nectar production by cut flowers over time ..................... 256 
A.3 Source of E. postvittana and C. montrouzieri ............................................................... 257 
A.4 Dilution plating media recipes ...................................................................................... 258 
A.5 Plant growth correlated with plant survival .................................................................. 259 
A.6 Spider density correlated to arthropod diversity ........................................................... 260 
A.7 Additional GHG sampling of native planting sites ....................................................... 261 
A.8 A preliminary investigation of herbicide resistance in Muehlenbeckia spp. ................ 263 
A.9 Greening Waipara survey for winery visitors ............................................................... 265 
A.10 Map locating the ten native planting sites in the Waipara valley, North Canterbury. .. 274 
A.11 Survey sent to Waipara Winegrowers ........................................................................... 276 
  
 xiv 
List of Tables 
Table 1-1 Potential ecosystem services that may be enhanced through the establishment 
of native New Zealand plants within agricultural landscapes: Scope of thesis. ...... 5 
Table 3-1 Plant species utilised within experiments and observed flowering durations ....... 43 
Table 3-2 Native floral resources tested with different invertebrates .................................... 44 
Table 3-3 Theoretical access to floral nectar and corresponding longevity of invertebrate 
species .................................................................................................................... 48 
Table 3-4 Characteristics of native plant species utilised in experiments ............................. 49 
Table 3-5 Extent by which invertebrate longevity was increased by floral resources 
compared to water only ......................................................................................... 58 
Table 4-1 Native plant species used in the North Canterbury trial ........................................ 70 
Table 4-2 Mean growth (cm
2
) of native plant species beneath grapevines 6 and 12 months 
after planting .......................................................................................................... 87 
Table 4-3 Structural properties of native ground cover plant species .................................... 92 
Table 4-4 Observed flowering densities and duration of native plants .................................. 94 
Table 4-5 Observed floral visitors to under-vine native plants December 2008 ................... 95 
Table 4-6 Density of spiders (Mean (±) SE / 0.04m
2
) in different under-vine treatments at 
three sampling dates. ............................................................................................. 98 
Table 4-7 Spider families from different under-vine treatments sampled in August‟08, 
January‟09 and March‟09 ...................................................................................... 99 
Table 4-8 Predicted means (proportion) for main effect of treatment upon E.postvittana 
survival across all stages of development during experiment 1 .......................... 106 
Table 4-9 Effect of treatment and sex on E. postivittana timing to pupal and adult stages 
and weight of pupae and adult leafroller (Experiment 1). ................................... 107 
Table 4-10 Mean weight of adult E. postvittana with different treatments (Experiment 1) .. 107 
Table 4-11 Predicted means (proportion) for main effect of treatment upon E.postvittana 
survival across all stages of development during experiment 2 .......................... 109 
Table 4-12 Predicted means (proportion) for main effect of treatment upon E.postvittana 
survival when pupation and adult stages are omitted from analysis ................... 109 
Table 4-13 Effect of treatment and sex on E. postivittana timing to pupal and adult stages 
and weight of pupae and adult leafroller (Experiment 2). ................................... 110 
Table 4-14 Mean (±SE) percentage soil moisture of different under-vine treatments in 
December‟08, September‟09 and November‟09. ................................................ 111 
Table 4-15 Total soil organic carbon (g/100g dry wt) of under-vine treatments L. dioica 
and bare earth. ...................................................................................................... 111 
Table 4-16 Microbial population counts from under-vine treatments, November 2009. ...... 112 
Table 4-17 Mean percentage of baits removed from bait lamina probes at different soil 
depths beneath the different under-vine treatments. ............................................ 114 
Table 4-18 Mean (±SE) microbial activity of soil beneath native plant and bare earth 
treatments determined by the TTC method. ........................................................ 115 
Table 4-19 Summary of GHG data collected from native plant trial site (April 2009). ........ 116 
Table 4-20 Natural distribution of recommended groundcover plant species ....................... 133 
Table 5-1 Taxa recorded from plant observations and beatings of matagouri in Waipara. . 143 
Table 6-1 Summary demographics for survey participants (winery visitors) ...................... 155 
Table 6-2 Reasons cited by respondents for walking the biodiversity trail ......................... 156 
Table 6-3 Respondents choosing not to walk the trail ......................................................... 156 
Table 6-4 Respondents not interested in walking the trail ................................................... 157 
Table 6-5 Respondents main reason for visiting the winery ................................................ 158 
Table 6-6 Importance of factors in deciding to visit the winery .......................................... 159 
Table 6-7 Media by which respondents became aware of the Greening Waipara project. .. 160 
Table 6-8 Means by which respondents had leant of the trail.............................................. 161 
  
 xv 
Table 6-9 Mean scores of respondents assessment of trail layout and presentation ............ 162 
Table 6-10 General comments on the biodiversity trail ......................................................... 164 
Table 6-11 Purchasing and wine consumption levels of winery visitors ............................... 165 
Table 7-1 Native plant species assessed for growth and survival ........................................ 179 
Table 7-2 Conditions and maintenance of planting sites. .................................................... 187 
Table 7-3 Summary demographics and professional information of survey respondents ... 189 
Table 7-4 Management required for weeds, pests and diseases of Waipara vineyards ....... 190 
Table 7-5 Number of herbicide, insecticide and fungicide applications by Waipara 
winegrowers. ........................................................................................................ 191 
Table 7-6 Cross-tabulation between weed management requirements and herbicide 
application by Waipara winegrowers .................................................................. 191 
Table 7-7 Current and potential use of native plants within Waipara vineyards. ................ 195 
Table 7-8 Barriers to deploying native plants within vineyard properties ........................... 196 
Table 7-9 Agreement of growers to statements concerning the effects of the Greening 
Waipara project. ................................................................................................... 198 
 
  
 xvi 
List of Figures 
Figure 1-1 The relationship between biodiversity and ecosystem services .............................. 2 
Figure 1-2 The dynamics of ecosystem services in relation to agroecosystems. ...................... 4 
Figure 2-1 The sucrose: hexose ratio of various plant species determined through HPLC 
analysis of nectar ................................................................................................... 29 
Figure 2-2 Longevity of female and male D. semiclausum with different artificial nectar 
ratio treatments ...................................................................................................... 30 
Figure 2-3  Longevity of male D. tasmanica with different treatments artificial nectar ratio 
treatments ............................................................................................................... 31 
Figure 3-1 Mean (±SE) longevity of male and female M. tasmaniae with different 
treatments (water & L. scoparium). ....................................................................... 51 
Figure 3-2 Mean (±SE) longevity of male and female M. tasmaniae with different 
treatments (water & K. ericoides). ......................................................................... 51 
Figure 3-3 Mean (±SE) longevity of male and female M. tasmaniae with different 
treatments (water, H. salicifolia & M. astonii). ..................................................... 51 
Figure 3-4 Mean (±SE) longevity of male and female D. semiclausum with different 
treatments (water, K. ericoides & L. scoparium)................................................... 53 
Figure 3-5 Mean (±SE) longevity of male and female D. semiclausum with different 
treatments (water, H. strictissima & H. salicifolia) ............................................... 53 
Figure 3-6 Mean (±SE) longevity of female D. semiclausum with different treatments 
(water & M. astonii). ............................................................................................. 54 
Figure 3-7 Mean (±SE) longevity of female A. ervi with different treatments. ...................... 55 
Figure 3-8 Mean (±SE) longevity of female E. postvittana with different treatments............ 55 
Figure 3-9 Mean (±SE) longevity of female DBM with different treatments (water, L. 
obcordata, L. scoparium & K. ericoides).. ............................................................ 56 
Figure 3-10 Mean (±SE) longevity of female DBM with different treatments (water, O. 
paniculata, M. astonii & H. salicifolia). ................................................................ 57 
Figure 4-1 Under-vine native plant trial design.. .................................................................... 69 
Figure 4-2 Survival of under-vine native plant species after 12 and 24 months. .................... 88 
Figure 4-3 Mean (±SE) Shannon diversity index values of under-vine treatments at three 
sampling dates. ...................................................................................................... 91 
Figure 4-4 Mean (±SE) longevity of D. semiclausum provided with either water or a 
native floral resource including (a) A. inermis „purpurea‟ (b) M. axillaris or (c) 
L. dioica: Female parasitoids only ....................................................................... 101 
Figure 4-5 Mean (±SE) longevity of female and male C. montrouzieri with different 
treatments.. ........................................................................................................... 102 
Figure 4-6 Mean (±SE) longevity of female C. montrouzieri with different (native plant) 
treatments. ............................................................................................................ 103 
Figure 4-7 Mean (±SE) longevity of adult female E. postvittana with different treatments..103 
Figure 4-8 The proportion of (LBAM) larvae that preferred each treatment within a six-
way test arena ...................................................................................................... 104 
Figure 4-9 Mean proportion of E. postvittana larvae surviving at each development  stage 
(Experiment 1). .................................................................................................... 105 
Figure 4-10 Mean proportion of E. postvittana larvae surviving at each development  stage 
(Experiment 2). .................................................................................................... 108 
Figure 4-11 Mean ± (SE) percentage of bait removed from bait lamina probes for each 
under-vine treatment.. .......................................................................................... 113 
Figure 4-12 Mean weed penetration of under-vine treatments assessed using a 0.2m2 
quadrat.. ............................................................................................................... 117 
  
 xvii 
Figure 5-1 Mean (±SE) longevity of D. semiclausum provided with either water only or 
matagouri flowers. ............................................................................................... 145 
Figure 6-1 Agreement of respondents (winery visitors) to statements concerning the trails 
educational content. ............................................................................................. 163 
Figure 6-2 Effect of the biodiversity trail on winery visitor experiences, n = 66. ................ 166 
Figure 7-1 Mean proportions of all native plant species surviving at different planting sites 
from September 2008–September 2009 .............................................................. 182 
Figure 7-2 Mean proportions of native plant species (shrubs) surviving across all planting 
sites between September 2008-September 2009 ................................................. 183 
Figure 7-3 Mean growth of all native plant species at the different planting sites between 
September 2008-September 2009 ........................................................................ 184 
Figure 7-4 Mean growth of the different native plant species across all sites between 
September 2008-September 2009 ........................................................................ 184 
Figure 7-5 The yellow admiral butterfly (Vanessa itea), native to New Zealand, feeding on 
native kanuka flowers within a study site. ........................................................... 185 
 
 
  
 xviii 
List of Plates 
Plate 1-1 The Waipara valley in North Canterbury, New Zealand .......................................... 17 
Plate 2-1 Nectar being extracted from the native plant Muehlenbeckia astonii ....................... 25 
Plate 3-1 The native plant Leptospermum scoparium, displaying open floral nectaries .......... 44 
Plate 4-1 The flowers (L-R) of the native plants A. inermis, L. dioica & M. axillaris............. 75 
Plate 4-2 Experimental set up for D. semiclausum provided M. axillaris ................................ 77 
Plate 4-3 A. inermis „purpurea‟ Hook. f. (Rosaceae) growing beneath grapevines ............. 89 
Plate 5-1 Vegetation at one of the field sites adjacent to a Waipara vineyard. ................... 140 
Plate 5-2 The flowers of Discaria toumatou (matagouri) ................................................... 141 
Plate 5-3 The syrphid Melangyna novae-zealandiae visiting a matagouri plant ................ 144 
Plate 5-4 Apis melifera (Apidae), an important crop pollinator, visiting matagouri 
flowers ................................................................................................................. 144 
Plate 6-1 A biodiversity trail established at a Waipara winery cellar door. Note the 
information boards beside the trail – which itself is made from crushed 
recycled wine bottles. .......................................................................................... 153 
Plate 7-1 The Mud House planting site, 2008 ........................................................................ 182 
 
 
  
 1 
     Chapter 1 
Introduction 
1.1 Converging goals of agricultural production and conservation 
The goals of modern agriculture and conservation may easily be perceived as being distinctly 
at odds. Modern agriculture is concerned with the intensive production of crops and pasture, 
attempting to fulfil the food demands of an ever increasing human population. To achieve 
this, agriculture has come to replace natural ecosystems, covering approximately 40% of the 
planet‟s land surface (FAO, 2007a). It is widely acknowledged that this conversion of land for 
agricultural production is the major driver of biodiversity loss (Foley et al., 2005; MEA, 
2005; Sala et al., 2000) and consequently is criticised by conservationists whose focus is upon 
biodiversity conservation. Can these two factions find solutions which are mutually beneficial 
to their respective goals? The answer to this may lie in demonstrating the tradable and non-
tradable value of biodiversity within agricultural landscapes so that it may be appreciated and 
consequently protected or restored (Mooney, 2010). This may be achieved by better 
understanding how biodiversity and its functions may contribute towards sustainable 
agricultural production: a critical consideration when analysing the future of the intensive 
agricultural model prevalent today. 
 
1.2 Intensive agriculture: the need for sustainable practices 
The global output of agriculture has increased dramatically over the last few decades. For 
instance, world cereal harvests have doubled in the last 40 years, now exceeding 2 billion tons 
annually, while total agricultural production has increased by a third in the last two decades 
(FAO, 2009). This has been made possible partly through further conversion of land but 
largely through the practices of the „Green Revolution‟, which greatly improved yields by 
increasing farm inputs of synthetic fertilizers and pesticides, water, new crop strains and 
mechanization (Matson et al., 1997; Tilman et al., 2002). However, the ability of agriculture 
to maintain or indeed increase this level of production through such technologies is in doubt 
(Mann, 1999). Questioning of the intensive agricultural model may be seen in the early works 
of Baker (1931) and Leopold (1949) who described the rapid depletion of soil resources 
caused by intensive farming practices and the need for agriculture to adopt an ecosystem 
approach. Later, Rachel Carson‟s book Silent Spring (1962) brought the negative externalities 
  
 2 
of substitution agriculture to the attention of the greater scientific and public communities. 
Since then, mounting evidence has led many to believe the intensive agriculture we see today 
is not sustainable in the long-term, not only because it relies on finite fossil fuel resources 
(Hubbert, 1981) but also because some of its practices degrade the natural capital -and its 
functions- on which agriculture ultimately relies (Kassam, Friedrich, Shaxson, & Pretty, 
2009; MEA, 2005; Meyer & Turner, 1992; Tilman et al., 2002). For instance water and soil, 
cornerstones of agricultural production, have become degraded in many regions due to poor 
management and excess applications of fertilizers (Matson et al., 1997) while other ecosystem 
functions such as pollination and biological control of pests, important for crop production, 
have come under threat due to the removal of natural habitat and widespread use of 
insecticides (Kremen et al., 2002).  
Could conservation of biodiversity on farmland have a role to play in creating more 
sustainable agricultural systems? An argument that supports this proposition is based on the 
idea that biodiversity can provide what are termed „ecosystem services‟ which may offer 
sustainable solutions to agriculture.  
1.3 Ecosystem services and agriculture 
Biodiversity is the physical manifestation of ecosystem functions (Chapin et al., 1997; 
Schulze & Mooney, 1993) and many of these functions have value for humans and are termed 
„ecosystem services‟ (Daily et al., 1997). The relationship between biodiversity and 
ecosystem services was illustrated by Chapin et al. (1997) in Figure 1.1 below. From the 
figure it can be seen that ecosystem services are those benefits that humans derive from 
ecological processes; which are directly driven by the functional traits of species composition 
and diversity.  
 
Figure 1-1 The relationship between biodiversity and ecosystem services. Adapted from 
Chapin et al. (1997). 
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Ecosystem services may be grouped into four categories comprising provisioning, regulating, 
cultural and supporting services (MEA, 2005). These have been conservatively estimated to 
be worth US $33 trillion p.a. world-wide (Costanza et al., 1997) and are arguably responsible 
for sustaining human life (Daily et al., 1997; FAO, 2007b). The ecosystem services provided 
by indigenous species in New Zealand were estimated in 1994 to be worth over NZ$30 billion 
per year (Patterson & Cole, 1999), more than a third of the country‟s GDP for that year. There 
is no doubt that these services are of critical importance to human welfare (Sachs et al., 2009).  
Modern agriculture has been very successful at maximising food production, however this has 
come at a cost: “The changes that have been made to ecosystems have contributed to 
substantial net gains in human well-being and economic development, but these gains have 
been achieved at growing costs in the form of the degradation of many ecosystem services” 
(MEA, 2005, p. 1). Those important to agriculture include such things as water supply and 
regulation, erosion control, nutrient cycling, pollination, biological control of pests and 
genetic resources (Sandhu et al., 2008). By degrading many of these services intensive 
agriculture threatens its own long term sustainability. Figure 1.2 illustrates the dynamics of 
ecosystem services in relation to agroecosystems. It may be seen that agroecosystems are both 
consumers and providers of ecosystem services. By utilising management techniques which 
protect or enhance those services upon which agricultural systems rely (or consume), the 
services which agriculture then provides may be maximised. Many have agreed that this will 
have to occur if agriculture is to feed the projected 9 billion inhabitants of earth in 2050 
(FAO, 2007b; Pinstrup-Andersen & Pandya-Lorch, 1998; Sachs et al., 2009; Tilman et al., 
2002; UN, 1992) and Charles et al. (2010) call for a global commitment to “sustainable 
intensification” whereby more food is produced from the same area of land while reducing 
negative environmental impacts 
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Figure 1-2 The dynamics of ecosystem services in relation to agroecosystems. 
 
In New Zealand a report prepared by the Parliamentary Commissioner for the Environment 
(PCE) (2004) demonstrated that intensive agricultural practices being undertaken in this 
country were polluting the environment and damaging ecosystem services. Recent research 
undertaken by Sandhu et al. (2008) further confirmed this by demonstrating that conventional 
arable farming in Canterbury was reducing ecosystem services which were of significant 
financial value. The Parliamentary report concluded by recommending that the natural capital 
of New Zealand and the ecosystem services which agriculture relies upon be protected (PCE, 
2004). This recommendation offers an opportunity for the conservation of biodiversity within 
New Zealand farmland; demonstrating the ecosystem services provided by native New 
Zealand plants within agricultural landscapes may well motivate landowners to conserve or 
restore this natural resource in order to meet the demand for greater production sustainability. 
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1.4 Potential ecosystem services provided by native New Zealand 
plants in agricultural landscapes 
Native vegetation established within farmland has the potential to provide a raft of ecosystem 
services. These are listed in Table 1.1 and include a diverse range of services from 
conservation biological control and wastewater filtration through to aesthetics and marketing 
opportunities. Those services investigated specifically within this thesis have been identified 
within Table 1.1. They are listed in order of the relative attention paid to them within the 
thesis, with the ecosystem services of conservation biological control, marketing and 
biodiversity conservation receiving greatest attention.  
Table 1-1 Potential ecosystem services that may be enhanced through the establishment 
of native New Zealand plants within agricultural landscapes: Scope of thesis. 
Investigated within this thesis Not investigated within this thesis 
  
Conservation biological control Wastewater filtration 
Marketing opportunities Erosion control 
Biodiversity conservation Shelter (shelterbelts) 
Soil health Aesthetics 
Greenhouse gas sequestration 
Weed suppression 
Culture 
 
 
Work primarily focussed on determining the value of native plant species within the vineyard 
context and more specifically with respect to vineyards of the Waipara valley of North 
Canterbury. The Waipara valley was originally covered in extensive forests, woodlands and 
shrublands but early Polynesian burning and more recent European farming have resulted in 
the loss of most native biodiversity with these replaced by pasture and crops, and most 
recently vineyards (D. Norton pers. comm. 2010). It is estimated that only 1% of indigenous 
vegetation remains in the Waipara valley (C. Meurk pers comm. 2010). Consequently 
returning native plant species that once occurred here will directly contribute to the regions 
restoration of indigenous biodiversity, especially if species are rare, threatened or vulnerable. 
Establishment of plant species will have to take into account this districts conditions which 
offer a low annual rainfall (~700mm), a mean January temperature of 23ºC, heat units in 
growing season (ºC) of 900-1100 and typically a dry Glasnevin silt loam soil (Jackson and 
Schuster 2001). 
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While work centered on the vineyard context several investigations had implications for the 
value of native plants beyond vinyards and may be broadly applicable to New Zealand‟s 
agricultural landscapes. The following sections (1.4.1-1.4.4) give more detailed information 
on these services and the potential for their delivery by native New Zealand plants in 
vineyards and agricultural landscapes in general. 
 
1.4.1 Conservation biological control in agriculture  
Conservation biological control (CBC) has been defined as „modification of the environment 
or existing practices to protect and enhance specific natural enemies of other organisms to 
reduce the effect of pests‟ (Eilenberg et al., 2001). By manipulating the environment in this 
way CBC may be seen as a form of ecological engineering which in turn was originally 
described as „environmental manipulation by man using small amounts of supplementary 
energy to control systems in which the main energy drives are still coming from natural 
sources‟ (Odum, 1969). Consequently for arthropod pest management, CBC may be viewed 
as a sustainable form of pest control which can offset the need for synthetic pesticides; 
improving agricultural sustainability. CBC is a form of biological control, which is 
increasingly promoted as a sustainable solution for weed, pest and disease management when 
considering the problems associated with chemical controls (Field, 1997; Williams, 1997). 
The key characteristic of CBC, which differentiates it from the better known „classical 
biological control‟, is that the natural enemies targeted for enhancement are already present 
within the environment under manipulation (van Driesche & Bewllows, 1996). For this reason 
CBC may be seen as the safest form of biological control as it avoids the introduction of 
organisms which may cause unforeseen consequences (Jonsson et al., 2008). 
CBC of arthropods by arthropods often calls for the diversification of the cropping system in 
order to mitigate pest populations and their damage to crops (Altieri & Letourneau, 1982; 
Barbosa, 1998). Logistically this diversification of vegetation is achieved either through 
manipulating field margins (Landis, Wratten, & Gurr, 2000; MacLeod, Wratten, Sotherton, & 
Thomas, 2004; Thomas, Wratten, & Sotherton, 1991), establishing diverse cover crops or 
flower strips (Bugg & Waddington, 1994; Heimpel & Jervis, 2005; Pfiffner & Wyss, 2004), 
or through the design of polycultures with various temporal and or spatial arrangements 
(Altieri, 1999; Altieri & Letourneau, 1982).  
It is believed that such diversification achieves lowered pest damage through one of two 
mechanisms which were described by Root (1973) as the „resource concentration hypothesis‟ 
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and the „natural enemies hypothesis‟. The former contends that by increasing the complexity 
of an agricultural system pest damage is reduced as herbivores fail to find crop plants due to 
the chemical, physical or visual interruptions present within a more vegetatively diverse 
system. The second hypothesis states that natural enemy (predators and parasitoids) numbers 
or efficiencies may be enhanced through the establishment of vegetation which provides 
resource subsidies including shelter, nectar, alternative prey or pollen (Bianchi, Booij, & 
Tscharntke, 2006; Griffiths, Holland, Bailey, & Thomas, 2008; Landis et al., 2000). This is 
especially pertinent in simple landscapes with low proportions of non-crop habitat where 
natural enemies may be limited by a lack of suitable resources (Bianchi et al., 2006; 
Tscharntke et al., 2007; Tscharntke, Klein, Kruess, Steffan-Dewenter, & Thies, 2005). 
Although a debate exists over whether this type of top-down control of pests is primarily 
responsible for the dynamics of herbivore populations (Kindlmann & Dixon, 2001; 
Rosenheim, 1998 ) there are clear examples where such top-down pressure has resulted in 
reduced pest densities (Gurr & Wratten, 2000), while a review of recent advances in the field 
of CBC provided by Jonsson et al. (2008) reported that substantial evidence now exists which 
shows CBC can attract and/or improve the fitness of natural enemies which is likely to 
improve  pest control.  
Research presented within this thesis concerning pest management focuses on the natural 
enemies hypothesis investigating whether native New Zealand plants might be utilised to 
provide resource subsidies to natural enemies. 
In New Zealand few studies have investigated the use of habitat manipulations for the control 
of agricultural pests. A literature search generated only 9 records reporting original research 
concerning CBC for arthropods in New Zealand agriculture and all of these studies utilised 
non-native plant species within their habitat manipulations.  
Within the literature there has been some correlations made between native New Zealand 
vegetation and agriculturally beneficial invertebrate. Bowie et al. (2003) recorded an increase 
in beneficial invertebrates within an organic research farm in Canterbury, New Zealand, 
between 1998 and 2001. The authors suggested this was due to the increased floral and plant 
structural diversity resulting from field margin plantings which included native plant species. 
However it appears most research to date concerning invertebrates and native vegetation has 
focussed on restoration ecology, measuring re-colonisation of invertebrate assemblages 
following native plant restoration (Didham et al., 2009; Reay & Norton, 1999; Watts, 
Clarkson, & Didham, 2008), without considering the ramifications this might have for 
invertebrate pest control within agricultural landscapes.  
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Considering that in New Zealand there are more than 2000 native flowering plant species, 
there is a significant likelihood that some of these plants could be intentionally established (or 
preserved) to provide resource subsidies to natural enemies. 
 
1.4.2 Marketing opportunities  
Because biodiversity has become inherently linked to the concept of sustainability though 
such instruments as the 1992 Convention of Biological Diversity, producers which protect or 
restore native biodiversity may be positioned to market their goods as environmentally 
responsible and sourced from a sustainably managed system. Such marketing of New 
Zealand‟s native flora is evident within two of the country‟s most important sectors: 
agriculture and tourism. Both sectors are based upon the country‟s natural capital and are, to a 
large extent, sold to the world upon the premise of a pristine environment and adherence to 
production sustainability.  
Currently Tourism New Zealand promotes the country to overseas visitors with the “100% 
Pure New Zealand” campaign, which repeatedly depicts unspoilt landscapes to create a „clean 
green‟ image (Tourism NZ, 2010). On a similar vein the agricultural sector has also promoted 
its adherence to sustainability and environmental responsibility. Meat and Wool New Zealand 
recently launched a UK marketing campaign promoted by the phrase “A Natural Obsession” 
which is accompanied by images of sheep grazing green pastures beneath bush clad 
mountains (Meat & Wool NZ, 2010). Fonterra, the country‟s largest exporter of dairy 
products, promotes its consideration of the environment, with web resources informing 
viewers of its dedication to looking after the environment and depicting the planting of native 
vegetation (Fonterra, 2010), part of its effort to restore riparian zones within dairy farms 
(Fonterra, 2003). ENZA, the primary pip fruit exporter of New Zealand, state they ensure fruit 
production methods are “sustainable and as safe as possible for the environment” (ENZA, 
2010). Clearly these two sectors have realised the marketing value of promoting their 
adherence to sustainable and environmentally friendly practices. 
New Zealand Trade and Enterprise (NZTE) further confirmed the value of adhering to 
sustainable principles by identifying sustainability to be of increasing importance as a market 
driver in many of the country‟s key export destinations. Within the UK more than three 
quarters of suppliers to grocery manufacturers believe sustainability will play a crucial role in 
their trading relationships with retailers in the near future. (NZTE, 2010a). Similarly research 
of Australian markets has shown a rapid rise in the consumption of products with a 
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sustainability benefit and that environmental issues are increasingly considered in purchasing 
decisions; by 2010 this form of „green‟ spending is forecast to increase by AU$25 billion in 
the coming year (NZTE, 2010b).  
The importance of sustainability as a market driver is also reflected in the rapid rise of 
investment by government and industry into this issue. Within the UK the Sustainable 
Agriculture and Food Innovation Platform has been formed to advise government on the 
development of new technologies to reduce the environmental impacts of food production. 
Over £13m has been allocated for research that will help growers reduce the environmental 
impacts of their crop production practices (Technology Strategy Board, 2010). 
It follows that the protection or restoration of New Zealand‟s native flora in and around 
agriculture is likely to have clear marketing opportunities within our key industries.  
 
1.4.3 Biodiversity conservation 
Conserving biodiversity is critical for maintaining genetic diversity; which as an ecosystem 
service has the potential to provide valuable resources such as medicines, products for 
materials in science, genes for resistance to crop pests and plant pathogens and economically 
important ornamental species (Costanza et al., 1997). 
The establishment of native vegetation within agricultural landscapes is by definition 
conserving biodiversity; not only of the plant species themselves but also the organisms 
which utilise the habitat and resources provided by that vegetation.  
New Zealand‟s native flora and fauna has a high proportion of endemic species, with over 
80% of plant species occurring only within this country (Meurk et al., 2007; Wilson, 2004). 
Recognised as a biodiversity hotspot (Mittermeier et al., 1999), the county‟s endemic species 
are especially unique due to their high phylogenetic differentiation (Meurk & Hall, 2006). 
This occurred due to the long history of isolation of the landmass following its separation 
from the Gondwana supercontinent some 80 million years ago (Stevens et al., 1988). In light 
of this, the country has a distinct responsibility to protect these species to preserve global 
biological diversity and to meet its commitments to the 1992 Convention on Biological 
Diversity (Perley et al., 2001).  
Native plants in New Zealand have high commercial value, being utilised in many 
commercially available products (Cooper & Cambie, 1991; DOC, 2010; Haase, 1990; 
Stephens, Molan, & Clarkson, 2005). For example manuka (Leptospermum scoparium 
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Cockayne (Myrtaceae)) has economic value as an ornamental species and as the basis for 
many commercial products including essential oils, health products and honey (Stephens et 
al., 2005). The potential for further commercial use of this and other native New Zealand 
plants for fibre, pharmaceuticals and food is considerable (Kellam et al., 1992; Wood et al., 
1999). Preserving our highly endemic biodiversity is also preserving the opportunity for 
future discovery of valuable products. 
Further to this genetic value, preserving biological diversity in an agricultural system is 
important as it is known to promote greater sustainability due to enhanced stability of the 
system (Norberg et al., 2001). Greater biodiversity of such systems is thought to enhance the 
capacity to absorb or recover from disturbances (Fischer et al., 2006) and leads to a reduced 
reliance on external inputs to maintain production (Milestad & Darnhofer, 2003 ). With 
regards to pest control, predator biodiversity has been found to strengthen herbivore 
suppression (Harwood et al., 2009; Snyder et al., 2008). However contention does exist over 
the exact relationship between increased biodiversity and ecosystem function, bringing 
uncertainty to the theory that complex systems are necessarily more stable (Loreau et al., 
2002). A meta-analysis conducted by Cardinale et al. (2006) investigated the effects of 
biodiversity on ecosystem functioning and found that critical aspects of ecosystem 
functioning declined consistently with the loss of species from a system. The study also found 
that within communities some species are far more influential on ecological processes than 
others; however, identifying these species before they become extinct –when their functioning 
value is made evident- is very difficult. Consequently until the functional roles of organisms 
and their inter-relatedness are better understood a prudent approach would seem to be to 
preserve as much biodiversity as possible (Cardinale et al., 2006). 
Nevertheless re-establishing vegetation offers a great opportunity to increase biodiversity 
within agricultural land (Blackwell et al., 2008; Meurk & Swaffield, 2000) and that if the 
„right‟ biodiversity is enhanced then agriculture may benefit from the associated functionality. 
Establishing vegetation complexity has repeatedly been shown to increase faunal diversity 
(Reay & Norton, 1999; Toth, 1995; Young, 2000) and this is thought to improve the resilience 
of the system (Blackwell et al., 2008) or indeed enhance ecosystem functions of value to 
agriculture (Altieri, 1999). These functions, valuable to humans, have been called ecosystem 
services (Daily et al., 1997) and go beyond the simple supply of food, fibre, fuel and income 
(see Figure 1.1). One such function is conservation biological control; this may be enhanced 
through the addition of vegetation diversity to the cropping system (Landis et al., 2000). 
Similar to the concept of „beetle banks‟ (Frank, 2004; MacLeod et al., 2004), native plantings 
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at crop margins have the potential to provide resources and crucial over-wintering refuges to 
fauna, which inturn perform pest control services (Pywell et al., 2005). Largely biological, 
these services depend on the conservation of biological diversity (Altieri, 1994).  
Therefore it may be argued that native New Zealand plants have the potential to preserve 
biodiversity: an ecosystem service of great value today and potentially of greater value in the 
future as genetic resources, commercial products and agriculturally beneficial functions. 
 
1.4.4 Soil health 
The maintenance of healthy soil is a key principle of sustainable agriculture (Altieri, 1999; 
van Bruggen & Semenov, 1999 ). Within agriculture the establishment of vegetation, 
especially cover crops, is known to benefit many aspects of soil health including soil organic 
matter, soil structure, water infiltration, water holding capacity, nutrient storage capacity and 
microbial densities (Bugg & van Horn, 1997; Gulick, Grimes, Munk, & Goldhamer, 1994 ; 
Smith et al., 2008). This occurs due to various physical and biological interactions between 
the plant, soil and soil organisms (Hendrix et al., 1990). For instance root exudates may cause 
increased growth of fungal hyphae which bind soil into aggregates, resulting in improved 
water infiltration (Altieri, 1999). Many soil microbes exist within a mutualistic state with 
plant roots. In return for simple carbohydrates they can provide the plant with otherwise 
inaccessible nutrients (Doran & Werner, 1990). Other mutualistic associations with soil 
microbes can protect the plant from soil-borne pathogens through antagonisms (Altieri, 1999). 
The addition then of native New Zealand plants within an agricultural system in areas of 
traditionally bare earth, such as beneath grapevines, has the potential to positively affect soil 
health. The additional diversity of native plants within an otherwise monoculture environment 
may well result in higher below ground diversity as a wider range of crop residue types and 
root exudates become available (Hooper et al., 2000). 
Whether soil parameters are affected in such a way as to be deemed beneficial to production 
is dependent on grower goals. The author is unaware of any other study incorporating native 
New Zealand plants into under-vine areas of vineyards. Preliminary investigations within this 
thesis provide some insight into the impact such introductions might have to vineyard soil 
health.  
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1.4.5 Greenhouse gas sequestration 
Widespread concern about the effects of human induced climate change has brought about 
international efforts to reduce greenhouse gas (GHG) emissions (IPCC, 2001). New Zealand‟s 
commitment to this goal is evident from its signing of the United Nations Framework 
Convention for Climate Change and its ratification of the Kyoto protocol (MfE, 1997; 
NZCCP, 2001). Half of New Zealand‟s emissions are from agriculture, predominantly of 
methane and nitrous oxide with the remainder mostly of carbon dioxide (Wicock et al., 2008). 
To mitigate emissions of these GHG, energy efficiencies, the development of renewable 
energy technologies and conservation initiatives are being undertaken (MfE, 1998). The use 
of afforestation to offset greenhouse gas emissions under article 3.3 of the Kyoto protocol 
(UNFCCC, 1998) acknowledges the service plants provide in the sequestration of GHG; New 
Zealand plans to meet approximately half of its emissions targets in this way (NZCCP, 2001).  
In addition to the establishment of exotic forests, it is thought that native New Zealand 
vegetation will also provide a valuable carbon sink (Stephens et al., 2005). Shrubland 
dominated by manuka and kanuka (Kunzea ericoides (A.Rich) Joy Thomps (Myrtaceae) have 
shown they can significantly offset some of New Zealand‟s GHG emissions through carbon 
sequestration (Ross et al., 2009; Trotter et al., 2005). 
Plants have the ability to sequester GHG through their photosynthetic activity but may also 
enhance the sequestration of GHG through soil biogeochemical processes. This may occur 
through plant mediation of soil characteristics, including alterations of soil fauna (S. Price, 
pers. comm. 2008). Methanotrophic bacteria, occurring in most soils, have the ability to 
consume CH4 and play a major role in the sequestration of atmospheric methane (Schlesinger, 
1997 ). Their abundances within soils may be increased when vegetation alters the soil 
environment in their favour (Price et al., 2004). Within this thesis a preliminary investigation 
was made into this aspect of greenhouse gas sequestration by the soil beneath native New 
Zealand plants in a vineyard.  
 
1.4.6 Weed suppression (within vineyards) 
Weeds pose a significant risk to New Zealand‟s primary industries especially in high-value 
horticultural systems such as wine grapes (Sanguankeo et al., 2009) where weeds can compete 
with vines for nutrients and moisture (Ingles et al., 1998; Sanguankeo et al., 2009; Sullivan, 
2003) or increase the risk of frost damage (Evans, 1999) threatening yields. Weed 
management techniques in New Zealand viticulture employ a variety of cultural, chemical and 
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mechanical methods including cultivation, mulches, and pre- and post-emergence herbicides 
(Pool et al., 1990). Outside of organic viticulture however the use of herbicide is by far the 
most commonly used technique (Tesic et al., 2007). Dastgheib & Frampton (2000) surveyed 
grape growers in Canterbury and found all participants utilised glyphosate based herbicides 
within their vineyards for weed management and that usage had increased between 1987 and 
1997. Herbicides containing glyphosate were the most commonly used and this is likely due 
to the high cost effectiveness and broad-spectrum nature of this herbicide (Dastgheib & 
Frampton, 2000; Manktelow et al., 2004). 
In New Zealand an upward trend in herbicide sales alongside agricultural production 
(Manktelow et al., 2004) indicates a reliance of agriculture on herbicides. Between 1999 and 
2003 Statistics New Zealand (2010) reported that herbicide imports increased by 42% while 
Agcarm, distributors of crop protection and animal health products in New Zealand, similarly 
noted a 25% increase in herbicide sales (Agcarm, 2010). This increase has been attributed to 
the rapid growth of vineyard areas around the country (Manktelow et al., 2004) where 
approximately 48 tonnes of herbicide active ingredients (a.i) are applied each year 
(Manktelow et al., 2004). Although sustainable production programmes such as kiwifruit 
„KiwiGreen‟ and winegrape „Sustainable Winegrowing New Zealand‟ have greatly improved 
the understanding of growers on efficient herbicide use (Manktelow et al., 2004) concerns 
over chemical use such as toxicity issues (Powles et al., 1998), spray drift risk (Holland et al., 
1995), negative impacts upon soil fauna (Cross et al., 1993; Whitelaw-Weckert et al., 2007), 
reduced plant disease resistance (Johal & Huber, 2009) and herbicide resistance in target 
weeds (Heap, 2005; Palumbi, 2001; Tesic et al., 2007) have led growers to seek alternative 
weed management practices. Cover crops can provide an alternative control method through 
their suppression of weed species. Suppression occurs by the cover crop out-competing the 
weed for space, light or nutrients (Porter, 1998) or in some cases allelopathic cover crops will 
restrict weed growth by chemical root exudates (Delabays & Mermillod, 2000; Grundy et al., 
1999). Use of cover crops however must take into account climatic conditions and vineyard 
management goals as their establishment can have varying effects upon vine vegetative 
growth and fruit yield depending on vineyard conditions (Tesic et al., 2007). 
It may be possible to establish low growing native New Zealand plants within vineyards to 
provide weed suppression services. Typically the vineyard floor consists of two zones: the 
inter-row areas and the under-vine row (~60cm wide). Due to the perennial nature of most 
New Zealand flora (94%) and their requirements for water during establishment (C. Meurk 
pers. comm. 2008), it is within this latter zone where native plant establishment would be 
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most practical. Native plants demonstrating weed suppression within this zone while avoiding 
negatively impacting upon vineyard management goals could then be of value to vineyard 
management. 
 
1.4.7 Other ecosystem services provided by native plants in agricultural 
landscapes (not investigated within this thesis). 
Although by no means an exhaustive list, the following potential ES of native plants were 
those deemed of most interest to agriculture. For this reason they are described below but are 
not further explored. 
Wastewater filtration 
Native plants may be employed within constructed wetlands for wastewater treatment. This 
practice has been utilised in New Zealand since the 1970s (Venus, 1992) and is often 
undertaken to supplement pond treatment systems (Tanner, 2001). Due to their low 
construction costs and minimal energy requirements such wetlands provide a viable 
wastewater treatment option for both small and large scale operations (Chague-Goff & Rosen, 
2001). Native plants utilised within these systems vary with location but often comprise 
species such as Bolboschoenus spp. (Cyperaceae), Carex secta Boott (Cyperaceae), Coprosma 
propinqua A.Cunn. (Rubiaceae), Cordyline australis Forst. Endl. (Laxmanniaceae), 
Cortaderia richardii Endl. Zotoy (Poaceae), Dacrycarpus dacrydioides A.Rich. 
(Podocarpaceae), Eleocharis sphacelata R.Br. (Cyperaceae), Juncus spp. (Juncaceae), 
Phormium tenax J.R.Forst. et G.Forst (Hemerocallidaceae) and Schoenoplectus sp. 
(Cyperaceae), Typha orientalis C.Presl (Typhaceae) (Chague-Goff, 2005; Tanner, 2001). The 
use of such plants may similarly be utilized within riparian zones to reduce chemical, 
sediment and faecal contaminants entering waterways (Rhodes, 2003).  
Shelterbelts 
Native plants are often incorporated into shelterbelts which can improve farm productivity by 
protecting crops from wind and stock from wind and sun exposure (Norton, 1988). They can 
also assist in erosion control (Altieri & Letourneau, 1982) and potentially contribute to pest 
management. Tsitsilas et al. (2006) found that shelterbelts in Australia harbored a diversity of 
beneficial arthropods that suppressed pest numbers in adjacent pastures.  
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Meurk et al. (2005) provides a comprehensive set of guidelines for selecting suitable native 
plant species for shelterbelts, while Robins (2008) and Meurk et al. (2005) outlines a design 
accommodating both native plant shelter belts and pivot irrigation systems. 
Erosion control 
The establishment of native vegetation, especially upon marginal land, has the potential to 
reduce soil erosion in New Zealand (Smale et al., 1997). The colonisation of land by native 
species such as manuka and kanuka has been seen to protect soil from the effects of wind and 
rain (Ross et al., 2009). This is an important ecosystem service as sustainable agriculture 
relies on healthy topsoil (Tilman et al., 2002). 
Cultural and Aesthetic values 
Native vegetation has the ability to provide both cultural and aesthetic values to New Zealand 
landscapes. An aim of many restoration projects has been to restore a sense of identity (Park, 
1998), which is especially pertinent considering the uniqueness of this country‟s flora (Meurk 
et al., 2007). Native plants have important associations with the ethics of local iwi; the 
concept of kaitiakitanga (stewardship of the land) being reinforced or demonstrated through 
the maintenance of indigenous species upon the land (Morad, 2000; Patterson & Cole, 1999). 
Increasingly people in this country are actively promoting the establishment of indigenous 
species not only within conservation initiatives but also within urban design (Ignatieva et al., 
2008; Meurk & Swaffield, 2000; Sullivan et al., 2009). Ecological principles are being 
incorporated into the plans of landscape architects to achieve both aesthetic and functional 
goals in urban areas through use of native plants (Lovell & Johnston, 2009). This is part of  
Low Impact Urban Design and Development movement (Ignatieva et al., 2008). The 
increased visual exposure to indigenous plant species that will follow from such urban use is 
likely to further reinforce people‟s cultural identification with native vegetation (Meurk et al., 
2007) and as such enhance its value to the nation.  
Although ecosystem services presented earlier in this introduction may allow for economic 
values to be placed on the establishment of native plants in agricultural landscapes, this 
cultural/aesthetic ecosystem service may be seen as beyond monetary valuation (Meurk et al., 
2007).  
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1.5 The value of native plants to the New Zealand wine industry 
During the last decade the New Zealand wine industry‟s positioning statement was “New 
Zealand wine; the riches of a clean green land”. Since then it has evolved into one promoting 
“Pure Discovery”. Both are driven by the focus of the industry to meet market demands for 
high quality wine produced using sustainable practices (New Zealand Winegrowers, 2009). A 
growing awareness of environmental issues in overseas markets, including New Zealand‟s 
primary wine export destinations of the UK, USA and Australia (Mikic, 2004) is leading to 
increased demand for „green‟ products (Campbell, 1999). Similarly, recent research in New 
Zealand has shown that domestic consumers want to be informed about which wines have 
been produced using environmentally sustainable practices and that there exists a significant 
demand for sustainably produced wine in this country (Forbes et al., 2009 ). The 
establishment in 1995 of Sustainable Winegrowing New Zealand (SWNZ, 2010) 
demonstrated the commitment of the industry to protect the environmental integrity of New 
Zealand‟s wine production, and justify the established „clean, green‟ image brand.  
The viticultural industry of New Zealand is rapidly expanding, with its area of cultivation 
more than doubling since 2002 bringing the total vineyard area for the year 2009 to 31, 057ha 
(New Zealand Winegrowers, 2009). Although this expansion is not causing significant natural 
habitat loss -this occurred decades ago with the initial human settlement and typically 
vineyards are developed upon pastoral land- there is a growing awareness of the detrimental 
effects agriculture, including horticulture, has and is incurring upon New Zealand‟s natural 
resources (PCE, 2004). Within New Zealand natural lowland habitats have been extensively 
modified, with many natural ecosystems considered to be hightly threatened (Norton & 
Miller, 2000; Walker et al., 2005). This is reflected in the fact that over a third (68/190) of  
our threatened vascular plant species are of lowland habitats (de Lange et al., 2010). This 
pattern is especially apparent in the Canterbury region, home to the rapidly expanding 
vineyard destination of Waipara (Plate 1.1). This region has the lowest indigenous forest 
cover (6%) in New Zealand (MfE, 2007), containing only traces of indigenous flora due to 
intensive land use activities (Walker et al., 2005). It is within these lowland ecosystems 
viticulture is practiced, the majority of which is managed conventionally whereby row upon 
row of Vitis vinefera are grown with the aid of synthetic herbicides and pesticides and little or 
no native vegetation persists. Such vineyard systems have been described as monocultures 
and questions have been raised as to their long term sustainability (Boller, 1992 ; Nicholls et 
al., 2001). 
  
 17 
 
Plate 1-1 The Waipara valley in North Canterbury, New Zealand 
 
Such realities are not synonymous to the desired „clean, green‟ reputation mentioned earlier 
which the wine industry aspires to maintain. In light of this, mitigation of past habitat loss by 
current land owners through restoration of native vegetation may be seen as a means by which 
vineyard operations can attain a reputation for environmental sensitivity; satisfying the 
„green‟ demands of their consumers. Such action is already evident. Banrock Station, a well 
known Australian wine label, informs consumers that it directs part of its profits into the 
protection and restoration of wetlands in the region where the wine is purchased 
(www.banrockstation.com). Another wine maker, Grove Mill of Marlborough, undertakes 
similar restoration initiatives and markets this upon their wine bottles with a stated philosophy 
to produce “premium quality wines with minimal environmental impact” 
(www.grovemill.co.nz). 
As the various ecosystem services provided by native New Zealand plants is better understood 
a grasp of their value to the wine industry beyond marketing may be attained. If native plants 
deployed within vineyards contribute to aspects of vineyard sustainability, such as improved 
soil health or a reduced need for synthetic herbicide or pesticide applications then their 
percieved value to the wine industry will grow. The value of native plants to the New Zealand 
wine industry therefore arises through their provision of ecosystem services relevent to the 
wine industry. 
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1.6 Aims and objectives of the thesis 
1.6.1 The forming of a thesis 
The conception of this thesis began with a thought to investigate whether any native New 
Zealand plants might be utilised for conservation biological control within vineyards in a 
similar fashion to the currently deployed non-native flowering plants (buckwheat (Fagopyrum 
esculentum Moench (Polygonaceae)) and alyssum (Lobularia maritima L. Desv. 
(Brassicaceae)). Collaborations with colleagues at Michigan State University who were 
undertaking similar research and the development of the Greening Waipara project motivated 
the thesis to include an investigation of other ecosystem services that native New Zealand 
plants might provide within agricultural landscapes. However the focus remained within the 
vineyard environment. These investigations took the form of both laboratory and field 
experiments and also included surveys of both vineyard managers and winery visitors.  
The following section provides an overall description and explains the rationale for the 
content of thesis chapters 2 to 8. The over-arching aim of the thesis was to gain a better 
understanding of the ecosystem services that native New Zealand plants may provide within 
our agricultural landscapes by testing a series of hypothetical or anticipated benefits.  
 
1.6.2 Chapter descriptions and their objectives 
 
Chapter 2: Investigating a potential tool for screening native floral resources for CBC. 
During the short-listing of native plants suitable for CBC a potential tool for selecting species 
arose through discussions with UK colleagues. A theory that plants displaying a sucrose 
dominant nectar ratio (sucrose/(fructose+glucose) were more suitable for hymenopterans had 
been suggested in early literature (Baker & Baker, 1983) while more recent work had 
proposed this may be a factor by which floral resources for CBC could be short-listed (Vattala 
et al., 2006). If this theory holds for parasitoids important for pest control, and if native New 
Zealand plants displayed differing sugar ratios, then this characteristic could be useful in 
identifying suitable plant species for CBC where parasitoid fitness was of interest. This 
chapter investigates the importance of the nectar sugar ratio to the longevity of two 
hymenopteran species known for their pest control services within New Zealand‟s agricultural 
landscapes; Diadegma semiclausum Hellen (Hymenoptera: Ichneumonidae) which attacks 
brassica (Brassica spp.) pests and Dolichogenidea tasmanica Cameron (Hymenoptera: 
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Braconidae) the primary parasitic wasp attacking a vineyard pest. The nectar sugar ratios of 
several native plant species was determined to confirm that this could be a differentiating 
characteristic by which to select floral resources for CBC. 
Key objective: To improve our ability to select native New Zealand plants suitable for CBC 
Ecosystem service targeted: Biological control of pests 
 
Chapter 3: Screening native floral resources for conservation biological control 
Through laboratory bioassays this chapter investigated the effects of the floral resources of 
eight commonly planted native shrub species upon the longevity of several beneficial and pest 
invertebrate species. Beneficial invertebrates included the omnivorous lacewing: Micromus 
tasmaniae Walker (Neuroptera, Hemerobiidae), and two parasitic wasps: D. semiclausum and 
Aphidius ervi Haliday (Hymenoptera: Aphidiidae). Pest invertebrates included two 
lepidopteran species; the light brown apple moth: Epiphyas postvittana Walker (Tortricidae) 
and the diamond back moth: Plutella xylostella L. (Hyponomeutidae). Identifying floral 
resources native to this country which can also enhance natural enemy fitness would 
contribute to an understanding of their value within the agricultural landscape. 
Key objective: To assess the potential of several commonly planted native New Zealand 
flowering plants for CBC 
Ecosystem service targeted: Biological control of pests 
 
Chapter 4: Deploying native plants beneath grapevines for ecosystem service enhancement in 
a North Canterbury vineyard 
This chapter utilised both laboratory bioassays and a field trial to assess the potential of native 
ground covering plants (established upon the vineyard floor) to provide various ecosystem 
services.  
Laboratory work investigated the potential for the native floral resources to be utilised by 
invertebrates which contribute to vineyard pest control and also assessed the risk that those 
same resources may be used by vineyard pests. The field trial assessed selected native plant 
species for their potential to provide the ecosystem services: biodiversity conservation, 
conservation biological control (CBC), weed suppression and enhancement of soil health. The 
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field trial also provided an understanding of the practicalities involved in incorporating native 
vegetation within the cropping system and the likelihood of this practice being adopted by 
growers. 
Key objective: To gain a better understanding of the value of native ground covering plants 
within the vineyard environment. 
Ecosystem service targeted: Biodiversity conservation, biological control of pests, weed 
suppression, greenhouse gas sequestration & soil health.  
 
Chapter 5: The value of remnant vegetation to agriculture within the Waipara valley  
This chapter investigated the contribution of small pockets of remnant vegetation to pest 
control services within the Waipara valley. Field and laboratory researches were undertaken 
to assess the use of floral resources within remnant habitats by beneficial and pest 
invertebrate. The dominant native shrub species within the remnants was the insect pollinated 
Discaria toumatou Raoul (Rhamnaceae), consequently it was this species which work centred 
upon. 
Key objective: To gain a better understanding of the value remnants of native vegetation have 
within agricultural landscapes 
Ecosystem service targeted: Biological control of pests 
 
Chapter 6: Vineyard biodiversity trails: realising the marketing value of native plants to New 
Zealand wineries  
Marketing is critically important to the wine industry of New Zealand. As mentioned in 
section 1.4.2 New Zealand wine growers are under increasing pressure from both 
international and domestic consumers to incorporate sustainable practices into their wine 
making procedures. The promotion then of their establishment of native plants into their 
vineyard properties for the purpose of enhancing ecosystem services presents valuable 
marketing opportunities. This value of native plants was investigated through face-to-face 
questionnaires with winery customers who had walked a native plant „biodiversity trail‟.   
Key objective: To better understand the marketing value of native plants to New Zealand 
wineries. 
Ecosystem service targeted: Marketing 
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Chapter 7: The Greening Waipara project: the practicalities of incorporating native plants into 
agricultural landscapes  
This chapter reviewed the Greening Waipara project which sought to re-establish native New 
Zealand plants within the North Canterbury landscape and increase grower adoption of 
sustainable agricultural practices- specifically those involving native plants. The review 
focussed on the practicalities of incorporating native New Zealand plants into the agricultural 
landscapes of this country and some guidelines for maximising success. 
Key objective: To gain a better understanding of the practicalities of incorporating native 
plants into agricultural landscapes  
 
Chapter 8: Concluding discussion 
The final chapter synthesises the major findings from this thesis and evaluates the extent to 
which key objectives were met. The likelihood of the practices developed within this thesis 
being adopted by agriculturalists is discussed and suggestions for further extension of the 
research are made. 
Key objective: Synthesis of thesis findings and a discussion of the works implications. 
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     Chapter 2 
Investigating a potential tool for screening native floral 
resources for conservation biological control 
Adapted from: 
Tompkins, J-M. L., Wratten, S. D., & Wäckers, F. L, 2010. Nectar to improve parasitoid fitness in 
biological control; does the sucrose: hexose ratio matter? Basic and Applied Ecology (11) pp. 264-271  
 
2.1 Abstract 
During the short-listing of native plants suitable for conservation biological control (CBC) a 
potential tool for selecting species arose through discussions and assessing the literature. A 
theory that plants with a sucrose dominant nectar ratio (sucrose/(fructose+glucose) were more 
suitable for parasitoids had been suggested in early literature (Baker & Baker, 1983) while 
more recent work had indicated this may be a factor by which floral resources for CBC could 
be short-listed (Vattala et al., 2006). If this theory holds for parasitoids important for pest 
control, and if native New Zealand plants displayed differing sugar ratios, then this 
characteristic could be useful in identifying suitable plant species for CBC where parasitoid 
fitness was of interest.  
This chapter investigates the importance of the nectar sugar ratio for the longevity of two 
parasitoid species known for their biocontrol services within New Zealand‟s agricultural 
landscapes; Diadegma semiclausum Hellén (Hymenoptera: Ichneumonidae) which attacks 
brassica (Brasica spp.) pests and Dolichogenidea tasmanica Cameron (Hymenoptera: 
Braconidae) the primary parasitoid attacking a key vineyard pest, Epiphyas postvittana 
(Lepidoptera: Tortricidae). The nectar sugar ratios of several native plant species were 
determined to confirm whether this could be a differentiating characteristic by which to select 
floral resources for CBC. Analysis of floral nectar from fourteen plant species confirmed that 
the sucrose/hexose ratio significantly differed between species. The hymenopteran parasitoids 
D. semiclausum and D. tasmanica were fed 40% w/w sugar solutions, differing in their sugar 
ratios. Solutions were classified as either sucrose dominant (ratio >0.99), sucrose rich (ratio 
0.5-0.99), hexose rich (ratio 0.1-0.499) or hexose dominant (ratio <0.1). The control treatment 
was water only. No significant differences in parasitoid longevity were found between the 
sugar treatments for either species but all had higher longevity compared to the water 
treatment. This suggests there is not an optimal sucrose/hexose ratio for parasitoid wasps, 
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although a greater number of parasitoid species should ideally be tested to confirm if this is 
true for the wider parasitoid taxonomic groups.  
Consequently, nectar sugar ratios were not utilized within this study as a tool to short-list 
native plant species suitable for CBC. Rather the laboratory and field experiments outlined in 
Chapters 3 and 4 provided information with which to short-list suitable native plant species. 
 
2.2 Introduction 
Providing flowering plants within or around a crop is a practice increasingly adopted by 
agriculturalists to benefit natural enemies of arthropods and thus to enhance pest management. 
This form of conservation biological control is undertaken to provide the natural enemies with 
food such as nectar and pollen, alternative prey or hosts as well as shelter (Jonsson et al., 
2008; Landis et al., 2000; Zehnder et al., 2007). Most adult parasitoids feed on sugar sources, 
using saccharides as an energy source (Heimpel & Jervis, 2005; Jervis & Kidd, 1986) and 
such feeding may be critical to enhancing biological pest control (Jonsson et al., 2008; 
Wäckers et al., 2005).   
Currently, only seven annual flowering plant species are common in the literature as nectar 
resources for parasitoid wasps. These plants have had some success in improving biological 
control, ranging from improving parasitoid fitness in the laboratory to reducing pest 
populations in the field. They are, however, often deployed outside their native range. 
Considering that there are more than 200, 000 other flowering plant species on Earth, there is 
large scope for utilizing other species with the potential to enhance parasitoid fitness. This 
would include species that are native to the agricultural landscape in which they are to be 
deployed. Identifying such plants would not only give growers a wider selection of plants to 
utilize, but would also provide conservation and other ecosystem service values (Fiedler et al., 
2008; Fiedler & Landis 2007a). Understanding more about which plant characteristics are 
vital in determining nutritional suitability of floral resources would aid in the identification of 
potential flowering species and reduce the need for routine, repetitive and time-consuming 
bioassays. An important consideration when assessing floral resource suitability is its nectar 
quality.  
Floral nectar predominantly comprises the sugars fructose, glucose and sucrose. It is these 
principal nectar components which have been shown to have the greatest positive effect upon 
  
 24 
parasitoid longevity (Wackers, 2001). This may be due to the fact that these sugars are more 
readily converted to energy by parasitoids (Hausmann et al., 2005). 
Concerning concentration, Wäckers (1999) demonstrated that the feeding response of the 
parasitoid Cotesia glomerata Linn. (Hymenoptera: Braconidae) to a range of sugars was 
positively correlated to their nutritional suitability. Azzouz et al. (2004) found that Aphidius 
ervi (Haliday) (Hymenoptera: Braconidae) longevity rose with increasing sugar 
concentrations at a 1:1 fructose:glucose solution up to 70% (w/v). Although longevity may be 
unaffected when equal concentrations of sucrose or glucose and fructose are provided 
(Hogervorst et al., 2007), it has been postulated that the relative amounts of these primary 
sugars may be of importance to insect fitness (Baker & Baker, 1983; Vattala et al., 2006). 
Hymenoptera have been thought to prefer sucrose over hexose sugars (Cornelius et al., 1996; 
Fonta et al., 1985), which could be a reflection of a higher nutritional suitability of sucrose 
dominant nectar.  
Although a plant‟s nectar composition can vary with age, condition, contamination and 
various other abiotic and biotic factors (Azzouz et al., 2004; Burquez & Corbet, 1991; Koptur, 
2005), robust testing by Baker & Baker (1983) showed that angiosperms could be assigned to 
a nectar sucrose: hexose-ratio. Based on this ratio nectar was categorized in four classes: 
sucrose-dominant (>0.99), sucrose-rich (0.5-0.99), hexose-rich (0.1-0.499) and hexose-
dominant (<0.1). This sucrose/hexose ratio was found to be an important factor explaining 
insect-flower associations in different groups of flower visitors and the authors suggested that 
wasps would benefit most from a high sucrose/hexose ratio. However, little is known about 
whether the ratio of these dominant sugars within nectar actually affects parasitoid wasp 
fitness. It was postulated by Vattala et al. (2006) that parasitoids may „prefer‟ the sucrose-
dominant nectar due to hexose-dominant nectars causing osmotic stress resulting in 
physiological constraints.  
Here we analyze the nectars from selected native and non-native New Zealand plants to 
determine their sugar ratio (S/ (F+G)) and whether these significantly differ from one another.  
Following this we test whether this sugar ratio affects parasitoid fitness and whether osmotic 
stress may be implicated as a factor limiting parasitoid longevity when feeding on highly 
concentrated sugar solutions. 
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2.3 Materials and methods 
2.3.1 Measurement of plant nectar sugar ratio 
 Nectar was collected from fourteen different plant species including both native and non-
native New Zealand plants between 9.00 and 12.00h. Native plant species were Parsonsia 
heterophylla A. Cunn. (Apocynaceae), Pimelea prostrata  J.R. Forst. et G. Forst. 
(Thymeleaceae), Sophora microphylla Aiton (Fabaceae), Muehlenbeckia astonii Petrie 
(Polygonaceae), Linum monogynum G. Forst. (Linaceae), Discaria toumatou Raoul 
(Rhamnaceae), Muehlenbeckia complexa A. Cunn. (Polygonaceae) and Lobelia angulata G. 
Forst. (Lobeliaceae). Non-native plant species were Phacelia tanacetifolia Benth 
(Boraginaceae), Fagopyrum esculentum Moench (Polygonaceae), Lobularia maritima L. 
Desv. (Brassicaceae), Sonchus sp. (Asteraceae), Coriandrum sativum L. (Apiaceae) and 
Sinapis alba L. (Brassicaceae). Plants were housed within a glasshouse at Lincoln University 
and kept at temperatures between 14 and 25 °C. Each nectar sample was collected from an 
individual flower using a clean microcapillary tube and immediately transferred into a 0.6 ml 
Eppendorf tube that contained 70% ethanol to prevent enzyme activity (Vattala et al., 2006). 
Five samples were collected from each plant species, except for Sonchus spp. and Sophora 
microphylla where three and four samples were taken respectively. HPLC analysis was then 
undertaken to measure relative quantities of sucrose, glucose and fructose, following 
Steppuhn & Wäckers (2004). 
 
Plate 2-1 Nectar being extracted from the native plant Muehlenbeckia astonii 
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2.3.2 Parasitoid longevity with different sugar ratios 
Sources of insects 
Diadegma semiclausum (Helen) 
Pupae of Plutella xylostella (L.) (Lepidoptera: Hyponomeutidae) (potentially parasitized by 
D. semiclausum) were collected from a kale (Brassica oleracea Acephala) field in 
Canterbury, New Zealand, isolated individually within Petri dishes and kept at a temperature 
of 20 °C ± 2 °C and photoperiod of L16:D8. Emerging parasitoids identified as Diadegma 
semiclausum (Helen) (Hymenoptera: Ichneumonidae) were used for experimentation. 
Dolichogenidea tasmanica (Cameron) 
Pupae of Dolichogenidea tasmanica (Cameron) (Hymenoptera: Braconidae) were sourced 
from a culture maintained at Lincoln University based on methods adapted from Berndt & 
Wratten (2005) and isolated individually within Petri dishes. These had been cultured from 
parasitized larvae of Epiphyas postvittana (Walker) (Lepidoptera: Tortricidae). Emerging 
parasitoids were subsequently used for experiments. 
 
Experimental design 
Diadegma semiclausum  
Newly emerged (<24hour) unfed and unmated D. semiclausum parasitoids were sexed and 
placed individually within Petri dishes containing one of fourteen randomly selected aqueous 
treatment solutions; pure sucrose, pure sucrose plus tap water, pure hexose, pure hexose plus 
tap water, tap water and sugar ratios (sucrose/(fructose+glucose)): 0.05, 0.1, 0.3, 0.5, 0.75, 
1.5, 3.0, 5.0, 10.0. Fructose and glucose were present in equal amounts and solutions were all 
40% w/w concentration. This concentration was chosen because it lies in the middle of the 
range of nectar concentrations that parasitoids may encounter under field conditions. The 
addition of a supply of water to „pure‟ sugar treatments was undertaken to investigate whether 
osmotic stress is a factor in reduced longevity when monosaccharide-dominant solutions are 
consumed. Conditions were 20 °C ± 2 °C, RH 70% and L16:D8. The solutions were presented 
within a 2.5 ml Eppendorf tube secured to the bottom of the Petri dish. A cotton wick was 
inserted through a hole in the lid of the tube, providing access to the solutions. In the „pure 
sugar plus tap water‟ treatment two separate Eppendorf vials were provided, one with tap 
water and one of a sugar solution. All solutions, tubes and wicks were changed every one to 
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three days to avoid microbial growth and evaporation of sugars, which could alter sugar 
ratios. Stock sugar solutions, refrigerated at 4 °C, were kept up to fourteen days before 
remixing as it was determined through HPLC analysis that no significant alteration of the 
sugar ratio occurred after two weeks refrigeration or after a previously chilled fourteen-day 
old solution was kept at 20 °C ± 2 °C for two days.  
Five replicates, each with individual parasitoids, of each treatment were undertaken for both 
male and female parasitoids and survival checked daily. Parasitoids were arranged in a split-
plot design. 
 
Dolichogenidea tasmanica 
Newly emerged (<24hour) unfed and unmated male D. tasmanica parasitoids were placed 
individually within Petri dishes containing one of nine randomly selected treatment solutions; 
pure sucrose, pure sucrose plus tap water, pure hexose, pure hexose plus tap water, tap water 
and sugar ratios (sucrose/(fructose+glucose)): 0.05, 0.3, 0.75 and 1.5.  
Due to culturing difficulties fewer treatments were undertaken compared to those for D. 
semiclausum and experiments were restricted to utilizing male parasitoids, as these dominated 
the culture. Conditions and experimental design were as described above. Parasitoids were 
arranged in a randomized complete block design (RCBD). 
Eight replicates (individual parasitoids) of each treatment were undertaken with survival 
checked daily.  
 
Statistical analysis 
Measurement of plant nectar sugar ratio  
Mean and standard error (mean) were calculated for each treatment separately, since the 
variability differed greatly between treatments, invalidating the assumptions of an ANOVA.  
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Parasitoid longevity  
Diadegma semiclausum 
An analysis of variance was used to determine the response of the two sexes to the sugar 
ratios. Sugar ratio values (0.05, 0.1, 0.3, 0.5, 0.75, 1.5, 3.0, 5.0, 10) were chosen according to 
an approximate multiplicative scale and were log10 transformed to achieve more regular 
intervals between the values. Responses to the different sugar ratios were compared with each 
other using polynomial contrasts. For this analysis the tap water, pure sucrose, pure sucrose 
plus tap water, pure hexose and pure hexose plus tap water treatments were omitted. A second 
analysis was carried out to examine the four latter treatments which follow a two by two 
factorial structure with factors (A) pure hexose or pure sucrose and (B) no tap water or tap 
water. 
Dolichogenidea tasmanica 
For this experiment, statistical analyses were similar to those described above; except that 
they were simpler since there was only one sex (randomized complete block design). 
 
2.4 Results 
2.4.1 Plant nectar sugar ratio 
HPLC analysis of plant nectars showed that sucrose, glucose and fructose were all present. 
The sugar ratio (S/(F+G)) significantly differed between plant species (Figure 2.1). For the 
native New Zealand plants, these ratios ranged from 0.02 to 1.45, displaying all nectar sugar 
ratio classes as described by Baker & Baker (1983). 
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Figure 2-1 The sucrose: hexose ratio of various plant species determined through HPLC 
analysis of nectar. Error bars are +/- SEM. *Plant families: (1) Apocynaceae, 
(2) Thymelaeaceae, (3) Fabaceae, (4) Polygonaceae, (5) Linaceae, (6) 
Rhamnaceae, (7) Lobeliaceae, (8) Boraginaceae, (9) Brassicaceae, (10) 
Asteraceae, (11) Apiaceae 
 
2.4.2 Parasitoid longevity 
D. semiclausum longevity with different sugar ratios  
The provision of sugar solutions significantly increased the lifespan D. semiclausum 
compared to tap-water fed parasitoids (Figure 2.2). Using polynomial linear and quadratic 
contrasts, there was no significant difference in the trends observed for male and female 
longevity as sucrose content of sugar ratio treatments increased (Sex.Lin F1,64 = 0.65, P = 
0.425; Sex.Quad F1,64 = 0.76, P = 0.388). Females lived significantly longer than did males 
(F1,4 = 627.96, P<0.001). Averaged male and female data showed no significant linear or 
quadratic trend with increasing sucrose content of the sugar ratio (Lin: F1,64 = 0.57, P = 0.454; 
Quad: F1,64 = 1.55, P = 0.218). For the remaining treatments (pure sucrose, pure sucrose plus 
tap water, pure hexose and pure hexose plus tap water), analysis showed that female 
parasitoid longevity was significantly reduced when they were fed pure hexose plus tap water  
compared to hexose alone (pure hexose - pure hexose plus water = 93.6 - 62.6 = 31; LSD 
(least significant difference) 5% 21; P<0.01). 
 
  
 30 
A B
0
20
40
60
80
100
120
W
a
te
r
P
u
re
 h
e
x+
w
at
er
P
u
re
 h
e
x
H
ex
-d
o
m
: l
o
g1
0
 (
0
.0
5
)
H
ex
-d
o
m
: l
o
g1
0
 (
0
.1
) 
H
ex
-r
ic
h
: l
o
g1
0
 (
0
.3
)
S
u
c-
ric
h
: 
lo
g
10
 (
0
.5
)
S
u
c-
ric
h
: 
lo
g
10
 (
0
.7
5
)
S
u
c-
do
m
: 
lo
g
10
 (
1
.5
)
S
u
c-
do
m
: 
lo
g
10
 (
3
.0
) 
S
u
c-
do
m
: 
lo
g
10
 (
5
.0
)
S
u
c-
do
m
: 
lo
g
10
 (
1
0
)
P
u
re
 s
uc
ro
se
P
u
re
 s
uc
+
w
a
te
r
Treatments  
L
o
n
g
e
v
it
y
 (
d
a
y
s
)
female
male
L S D
B
 
Figure 2-2 Longevity of female and male D. semiclausum with different artificial nectar 
ratio treatments. A: LSD at 5% for between treatments within each sex, B: 
LSD at 5% for all other comparisons  
 
D. tasmanica longevity with different sugar ratio treatments 
The provision of sugar solutions significantly increased the lifespan of male D. tasmanica 
when compared to tap-water fed parasitoids (Figure 2.3). Male parasitoid lifespan did not 
significantly differ among the eight sugar solution treatments (F1,21 = 0.96, P = 0.338). 
Analysis for the non-ratio treatments (pure sucrose, pure sucrose plus tap water, pure hexose 
and pure hexose plus tap water) showed no significant differences.  
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Figure 2-3  Longevity of male D. tasmanica with different artificial nectar ratio 
treatments. ‘A’ indicates LSD at 5% 
  
2.5 Discussion 
Plant species have different sugar ratios; however, these ratios when presented as artificial test 
solutions did not differ significantly in their effect upon the longevity of the two 
Ichneumonoidea parasitoids; D. tasmanica and D. semiclausum. Also, parasitoids fed pure 
hexose or hexose-dominant solutions did not have a shortened longevity, as might be 
expected if osmotic stress was occurring. Here we discuss these findings and suggest that 
other floral qualities may be of importance to parasitoid longevity and potentially be of use 
for selecting floral resources for conservation biological control. 
 
Major findings 
The present results demonstrated that plant species, either currently in use or with potential to 
be deployed for conservation biological control, have different sucrose/hexose sugar ratios. If 
sucrose-dominant nectars would benefit parasitoids over hexose-dominant ones, then this 
would have generated the opportunity to short-list flowering plants for conservation 
biological control according to this ratio. 
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Baker & Baker (1983) suggested that the sucrose/hexose ratio of nectar may explain wasp 
floral associations, such that a sucrose-dominant nectar would correlate with greater use by 
wasps of that resource than of a hexose-dominant one, presumably, due to physiological 
benefits.   
Results of the current study indicate that there is no effect of the tested sucrose/hexose ratios 
on D. tasmanica or D. semiclausum longevity. These findings should not at this stage be 
extended to all hymenopteran parasitoids as it is possible that the sugar ratio may affect other 
species differently. Earlier work has shown that gustatory and longevity responses to a 
broader range of nectar sugars vary between species (Wackers, 2001; Williams & Roane, 
2007; Winkler, 2005) as does the ability to digest and synthesize sugars (Wackers, 2006b); 
further testing with a wider range of parasitoid species is thus suggested. This study did not 
allow for parasitoids to display any preference for different sugar ratios. This could be 
addressed with some tests as the sucrose:hexose ratio may still lead to gustatory preferences, 
even though this may not correlate with nutritional suitability (Wackers, 2001). Regardless of 
this, it may be that other characteristics of nectar are of greater importance to parasitoid 
fitness than the sucrose/hexose ratio. 
 
The importance of other nectar characteristics 
Concentration and quantity of nectar, which vary between plant species (Kugler, 1970), may 
be of consequence to parasitoid longevity. Parasitoid longevity increases with increasing 
sugar concentrations in the diet (Siekmann et al., 2001). Therefore, nectar concentration might 
be more useful as a selection criterion for floral resources than sugar composition or a sugar 
ratio. Nevertheless, some sugars in nectar can be toxic or deter feeding by parasitoids (Barker 
& Lehner, 1976; Wackers, 2001). Therefore it appears that nectar sugar composition can 
sometimes play a part in determining its nutritional suitability.  
Non saccharide compounds in nectar may also affect parasitoid fitness or gustatory 
preferences. In addition to sugars, amino acids, lipids, vitamins, proteins, minerals, organic 
compounds as well as secondary plant metabolites all occur in nectar (Baker & Baker, 1983). 
Amino acids, known to differ in concentration and, to a lesser extent, in composition between 
plant species (Gardener & Gillman, 2001) influence hymenopteran feeding preferences (Alm 
et al., 1990; Inouye & Waller, 1984; Lanza & Krauss, 1984). It is possible that these 
compounds may also affect parasitoid fitness. 
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Osmotic stress  
Arthropods feeding on carbohydrate-rich diets may face high levels of osmotic stress 
(Ashford et al., 2000; Vattala et al., 2006; Wackers, 2006b). The fact that some sap and nectar 
feeders are able to synthesize oligosaccharides has been interpreted as an adaptation to this 
osmotic stress as it allows them to reduce the number of saccharide molecules (Karley et al., 
2005). If nectar feeding resulted in a high level of osmotic stress for the parasitoids, this 
should have been reflected in a reduced longevity for those parasitoids consuming the pure 
monosaccharide solution without access to water; however, this was not observed. It appears 
that D. semiclausum and D. tasmanica have no nutritional problems dealing with the hexose 
diets in this study, which brings into question whether insects synthesize oligosaccharides in 
order to prevent osmotic stress (Wäckers et al., 2008). Synthesis of oligosaccharides may 
serve other functions (Wackers, 2006b). Which function actually explains this trait in nectar 
feeding arthropods remains to be tested.  
 
Implications 
In practice numerous factors determine whether a floral resource will be successful at 
enhancing biological control in the field or adopted by growers. Orre et al. (2008) and Cullen 
et al. (2008) give in-depth reviews of factors to consider when deploying floral resources for 
conservation biological control including the agronomic practicalities such as cost, plant 
availability, labour requirements and the likelihood of technology uptake by growers. 
Considerations also include flowering duration and timing, accessibility and attractiveness 
(colour, shape, volatile cues) (Olson et al., 2005; Vattala et al., 2006; Wackers, 2004; 
Wäckers, 1994) and the selective use of the resource by the targeted natural enemy 
(Lavandero et al., 2006). However, further clarification of parameters for plant selection, such 
as nectar quality attributes, will aid in the identification of floral resources for use in 
conservation biological control. Considering the vast potential for use of angiosperms other 
than those seven most commonly used, any additional selection parameters will be of great 
help to create short-lists of suitable floral resources. 
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     Chapter 3 
Screening native floral resources for conservation 
biological control 
3.1 Introduction 
The incorporation of flowering plants into agricultural systems is often proposed as a 
technique for conservation biological control (Gurr, Wratten, & Altieri, 2004; Jonsson et al., 
2008; Landis et al., 2000; Zehnder et al., 2007). Various studies have shown that floral 
resources benefit the fitness of a wide range of agriculturally beneficial invertebrates 
including a lacewing (Neuroptera) (Robinson et al., 2008), parasitoids (Hymenoptera) (N. A. 
Irvin, Hoddle, & Castle, 2007), coccinellids (Coccinellidea) (Bertolaccini et al., 2008), spiders 
(Araneae) (Taylor & Bradley, 2009) and hoverflies (Diptera) (van Rijn et al., 2006). Many of 
these arthropods require pollen or nectar during their adult life stage (Wäckers et al., 2005) 
however often there is a lack of such resources within simplified agricultural systems; which 
may mean natural pest control is not optimised (Winkler et al., 2009). Consequently 
enhancing natural enemy fitness through the provision of floral resources has the potential to 
improve biological control, an important ecosystem service (Costanza et al., 1997).  
Currently, seven annual flowering plants are often cited in the literature as floral resources for 
beneficial invertebrate, including alyssum (Lobularia maritima L. Desv.) (Berndt & Wratten, 
2005), coriander (Coriandrum sativum L.) (Irvin et al., 1999), buckwheat (Fagopyrum 
esculentum Moench) (Irvin et al., 2006), borage (Borago officinalis L.) (Baggen & Gurr, 
1998), faba bean (Vica faba L.) (Wratten et al., 2000), dill (Anethum graveolins L.) (Baggen 
& Gurr, 1998), mustard (Sinapis alba L.) (Manojlovic et al., 2001) and phacelia (Phacelia 
tanacefolia Benth) (Araj et al., 2008). These plants have had some success in improving 
biological control, ranging from improving natural enemy fitness in the laboratory to reducing 
pest populations in the field (Jonsson et al., 2008). None of these plants however are native to 
New Zealand. Identifying floral resources native to this country which can also enhance 
natural enemy fitness would contribute to an understanding of their value within New 
Zealand‟s agricultural landscapes and provide two (or more) ES “for the price of one”. 
 Many of the flowering plant species native to New Zealand may be established within the 
agricultural landscape and consequently have the potential to provide floral resources to 
agriculturally beneficial invertebrate (See chapter 7 for details on native plant establishment 
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in Canterbury, specifically by Waipara wine growers). Determining which flowering plants 
are suitable for successful CBC is a complex procedure. An appreciation of several factors 
concerning this form of habitat manipulation is required. What is the direct effect of the floral 
resource upon natural enemy fitness? Which floral attributes favour the fitness of the targeted 
natural enemy? What spatial and temporal deployment of the resource is appropriate? Is the 
floral resource selective (benefiting only the target natural enemy)? Also, any incorporation of 
floral resources into a working landscape must recognize the agronomic practicalities of the 
farming system. For completeness the reader is directed to section 3.2 where these 
considerations are expanded upon. 
The work in this chapter screens several native flowering plants for conservation biological 
control in Canterbury, New Zealand. It determines their suitability for potential deployment in 
the region and conducts laboratory experiments which investigate the impact their floral 
resources have on the longevity of beneficial invertebrates. Those included in the study were 
the omnivorous lacewing: Micromus tasmaniae Walker (Neuroptera: Hemerobiidae), and two 
parasitic wasps: Diadegma semiclausum Hellen (Hymenoptera: Ichneumonidae) and Aphidius 
ervi Haliday (Hymenoptera: Aphidiidae). Pest invertebrates included two lepidopteran 
species; the lightbrown apple moth: Epiphyas postvittana Walker (Lepidoptera: Tortricidae) 
and the diamondback moth: Plutella xylostella L. (Lepidoptera: Plutellidae), the latter is 
parasitised by D. semiclausum. Sections 3.1.1 to 3.1.3 provide brief introductions to each of 
these invertebrate species in the context of floral resource use. Prior to longevity experiments, 
the theoretical accessibility of the floral nectar to each species was investigated by recording 
aspects of floral architecture and invertebrate morphology. 
 
3.1.1 Lacewings and floral resources 
The brown lacewing, M. tasmaniae, is an omnivorous invertebrate, shown to be an important 
predator of crop pests (Turquet et al., 2009). Indigenous to New Zealand and Australia this 
polyphagous species is often present within cropping systems and can provide valuable 
biological control services against aphids, mealybug and other herbivore pests (Walker et al., 
2007). Robinson et al. (2008) demonstrated that floral resources can significantly enhance the 
fitness of M. tasmaniae, however the study also illustrated that such improvements may not 
always translate into increased pest control. Lacewings are true omnivores, consuming nectar 
and pollen in addition to prey at the same life stage (Coll & Guershon, 2002). This means the 
impact of floral resource provisions within the field may depend on prey scarcity. If prey 
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density is low floral resources may help maintain lacewing populations, however, if prey 
density is high floral resources can have a positive, neutral or even negative effect on prey 
populations due to the substitutability of the floral resources and prey in the lacewings diet 
(Eubanks & Denno, 1999; Jonsson, Wratten, Robinson, & Sam, 2009; Robinson et al., 2008). 
Floral resources found to enhance M. tasmaniae should also be presented to its parasitoid, 
Anacharis zealandica Ashmead (Hymenoptera: Figitidae) as an enhancement of this fourth 
trophic level may reduce lacewing efficacy, causing floral resources to ultimately reduce 
overall pest control. Consequently providing floral resources to enhance lacewing fitness in 
order to achieve greater pest control is likely to require an understanding of prey densities and 
trophic networks. Section 3.2 provides further details on the need for floral resources to 
selectively enhance targeted beneficial invertebrates. 
 
3.1.2 Parasitoids and floral resources 
 Many species of hymenopteran parasitoids utilize floral nectar from a range of flowering 
plants (Baggen & Gurr, 1998; Jervis, Kidd, Fitton, Huddleston, & Dawah, 1993; Patt, 
Hamilton, & Lashomb, 1997). Numerous studies have shown floral nectar to benefit 
parasitoid wasp „fitness‟ including longevity (Gurr & Nicol, 2000; Irvin et al., 2007; Lee & 
Heimpel, 2008; McDougall & Mills, 1997; Onagbola, Fadamiro, & Mbata, 2007), fecundity 
(Gurr, Wratten, Tylianakis, Kean, and Keller, 2005a; Hoffmann, Walker, & Shelton, 1995; 
Hohmann, Luck, & Oatman, 1988; Olson & Andow, 1998; Winkler, Wackers, 
Bukovinszkine-Kiss, & Lenteren, 2006), sex ratio (Berndt & Wratten, 2005; Leatemia, Laing, 
& Corrigan, 1995) and host searching efficiency (Forsse, Smith, & Bourchier, 1992 ; 
Pompanon, Fouillet, & Bolutreau, 1999; Wanner, Gu, & Dorn, 2006). Conversely, a lack of 
floral resources such as may occur in crop monocultures, has detrimental effects on parasitoid 
fitness including increased incidence of diapause, decreased egg availability, egg resorption, 
male-biased sex ratios and reduced searching efficiency (Jervis, 1998; Takasu & Lewis, 1995; 
Wäckers, 1994). Also, Olsen et al. (2005) noted that non-host food may influence other 
aspects of parasitoid biology, including egg viability, foraging decisions and flight initiation. 
The importance of nectar feeding by parasitoids in pest management depends on the specific 
species‟ adult feeding requirements for maintenance and egg production, as well as pest and 
parasitoid population dynamics (Kean, Wratten, Tylianakis, & Barlow, 2003; Olson et al., 
2005). For instance, a synovigenic species (one that matures eggs during their life time (Jervis 
et al., 2001)) that does not host-feed requires non-host food for maintenance and egg 
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production (Wäckers & Van Rijn, 2005). When such a species is present within a host-poor 
habitat, energy will be required for host searching. Both parasitoids utilised in this study, A. 
ervi and D. semiclausum, are synovigenic (Jervis et al., 2001) and have been shown to benefit 
from floral resources in the laboratory (Araj, Wratten, Lister, & Buckley, 2006; Lavandero et 
al., 2006). Native floral resources could thus be an important source of energy to improve pest 
management by these parasitoids. 
 
3.1.3 Use of floral resources by pest Lepidoptera 
Several studies have addressed the issue of pest Lepidopteran utilising floral resources 
intended for use by their natural enemies (Baggen & Gurr, 1998; Lavandero et al., 2006; 
Winkler et al., 2009; Zhao, Ayers, Grafius, & Stehr, 1992) and there has been some evidence 
of increased crop damage by Lepidopteran insects when floral resources are present 
(Burleigh, 1972). Such use of floral resources is not surprising considering adult Lepidoptera 
feed primarily on sugar sources such as nectar (Kevan & Baker, 1984; Wackers et al., 2007). 
As with their natural enemies, different flowering plants are likely to affect lepidopteran 
fitness to varying extents. The ideal is to select floral resources which primarily –or, 
exclusively- benefit the natural enemy.  
The fitness of both Lepidoptera utilised within this study have been shown to benefit from 
certain floral resources (Irvin et al., 2006; Winkler et al., 2009). Irvin et al. (2006) found E. 
postvittana, a pest of vineyards, lived twice as long when presented with the floral resource L. 
maritima compared to water only, while Winkler et al. (2009) reported the longevity of P. 
xylostella, an important brassica pest, to increase up to three times when presented with floral 
resources. Investigating if the floral resources of the native New Zealand plants included 
within this study also benefit these pests will aid in determining their suitability for 
deployment within agricultural landscapes in which these pests require management. 
 
3.2 Considerations for floral resource selection and deployment 
Floral attributes 
Identifying specific floral attributes which are likely to favour the targeted natural enemy or 
increase its use of the resource will aid selection. Shape, colour and volatile cues may all 
influence a natural enemy‟s attraction to and consequent use of a floral resource (Ne'-eman & 
Kevan, 2001; Wackers, 2004). For example Wackers (1994) demonstrated that the parasitoid 
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Cotesia rubecula (Hymenoptera: Braconidae) used flower-odours and –colours to locate food 
and that food-deprived individuals showed a preference for the colour yellow. The same 
author also found that parasitoids may be attracted or repelled by certain floral volatiles 
(Wackers, 2004) which are known to differ markedly between plant species (Knudsen et al., 
1993).  
The quantities and qualities of nectar and pollen differ between plant species (Baker & Baker, 
1983; Chalcoff et al., 2006) and may affect natural enemy use of the resource. Nectar quantity 
is important for reasons including offsetting energy expended by these insects during foraging 
for hosts (Olson et al., 2005), for floral attraction (Silva & Dean, 2000) and for ensuring the 
floral resource will be of a volume sufficient to improve the fitness of parasitoid populations 
on a field scale. Nectar quality with respect to chemical composition and concentration may 
also influence the success of a floral resource (Hausmann et al., 2005; Winkler, 2005) (also 
see Chapter 2). 
Floral architecture is another attribute to consider during selection as this will likely determine 
the accessibility of nectar and -although to a lesser extent- pollen to the natural enemy 
(Vattala et al., 2006; Wäckers et al., 2005). Those natural enemies with short mouthparts may 
be unable to reach nectar of flowers displaying deep corollae and so may be better served with 
a resource that has an open, shallow corolla (Wratten, 2003). Accessibility is important not 
only to ensure natural enemies can access floral resources but also to ensure energy is not 
wasted undertaking futile foraging (Winkler et al., 2009).  
 
Floral resources and natural enemy fitness 
Floral resources may enhance natural enemy fitness and consequent pest control efficacies in 
a number of ways, and are primarily achieved by the plant providing the natural enemy with 
shelter, nectar, alternative prey and/or pollen (Landis et al., 2000; Wratten et al., 2003b). 
Improvements in natural enemy longevity, fecundity, host searching, sex-ratio changes and 
parasitism or predation rates have all been gained through floral resource provisioning. 
By simply increasing a natural enemy‟s lifespan, pest control may be enhanced through more 
hosts or prey being utilised during its consequently lengthened lifetime (Berndt & Wratten, 
2005). Fecundity, the reproductive potential of an organism, may be improved through several 
mechanisms including improved egg maturation (Olson & Andow, 1998), reduced egg 
resorption (Heimpel et al., 1997) or through the conservation of critical lipids for egg 
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production (Lee & Heimpel, 2008) due to a ready supply of sugar/nectar. Floral resource 
provisioning may increase the time spent by natural enemies searching for hosts or prey 
relative to time spent searching for food if the resource provides an abundance of sugars to 
satiate natural enemies‟ energy requirements (Takasu & Lewis, 1995). A sex-ratio in favour 
of females may result alongside nectar availability. This was found for the parasitoid D. 
tasmanica, an arrhenotokous wasp (producing males from unfertilised eggs and females from 
fertilised eggs) which favoured female offspring when provided the floral resource L. 
maritima (Berndt & Wratten, 2005). This may have occurred due to the improved food 
availability causing improved mate-searching, female receptivity or sperm viability (Berndt & 
Wratten, 2005). Parasitism rates have been shown to increase with floral resource provisions. 
Baggen & Gurr (1998) found that parasitism of a potato pest was increased with the use of 
flowering coriander while both Leius (1960) and Irvin et al. (1999) found parasitism of 
orchard pests to increase with the presence of flowering understoreys. However such 
improvements are not always evident. For instance a field trial conducted by Berndt et al. 
(2002) within a vineyard found parasitism rates of the pest E. postvittana by the parasitoid 
wasp D. tasmanica did not significantly differ between plots with or without the flowering 
plant buckwheat. Consequently while countless laboratory experiments and some field 
research has demonstrated floral resources can enhance natural enemy fitness, much work is 
required before conclusive statements can be made about field scale effects. It is likely that 
without a thorough understanding of an agricultural system‟s invertebrate complex (and 
various interacting abiotic factors) that the effectiveness of CBC manipulations will be 
unpredictable. 
 
Spatial and temporal considerations 
The degree of vegetative complexity at both the farm and landscape level has the potential to 
influence the effectiveness of floral resource provisions (Jonsson, 2008). In a highly complex 
system with ample non-crop vegetation and naturally occurring flowering plants, the addition 
of floral resources may have little impact on natural enemy fitness as they are unlikely to be 
resource limited (Tscharntke et al., 2005). This then should be one of the first considerations 
when determining whether this CBC technique is a suitable alternative for pest control. 
Assuming then that the system is resource limited, ensuring plants are deployed at the correct 
spacing and time is important to ensure the provision of the floral resource is optimal for pest 
control goals. The dispersal ability of the natural enemy will to a large extent determine the 
optimum layout of the floral resource (Wratten, 2003). Ideally flowering plants will be 
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arranged within the agricultural system to ensure natural enemies throughout the crop gain the 
benefits of the resource (Lavandero et al., 2005). Clearly the flowering period needs to 
coincide with the presence of the natural enemy within the system (Landis et al., 2000) but 
also the timing needs to consider when the natural enemy is most resource limited, as it is 
then that supplementation of its diet would allow for its continued presence in a system that 
would otherwise be unable to support it due to a lack of hosts or prey (Jonsson et al., 2009). 
 
Selectivity of the floral resource 
Various ecological interactions beyond that of the targeted natural enemy and pest organism 
may be affected by the addition of floral resources (Straub et al., 2008).  
At the first level one might establish that a flowering plant can enhance the fitness of a natural 
enemy, however, how that same resource might affect pest fitness or indeed higher trophic 
level organisms (which may impact upon the targeted natural enemy) needs to be addressed 
(Araj et al., 2006; Begum et al., 2006; Lavandero et al., 2006; Straub et al., 2008). The 
complexity of foodwebs (Polis & Holt, 1992; Tylianakis et al., 2007) makes predictions for 
the overall effect of floral resource provisioning uncertain, and indeed may be cause for the 
varied level of success achieved in CBC (Jonsson et al., 2008). Floral resources have been 
shown to enhance pest fitness (Irvin et al., 2006; Lavandero et al., 2006), herbivore field 
populations (Baggen & Gurr, 1998; Zhao et al., 1992) or unintentionally enhance fourth 
trophic level antagonists of the targeted natural enemies (Araj et al., 2006; Jonsson et al., 
2009). To minimise uncertainty then, the more selective the floral resource can be the better. 
Enhancing only the top-down interaction between targeted natural enemies and pests through 
floral resource provisioning is consequently a key concern of CBC research (Baggen et al., 
1999).   
 
Agronomic considerations 
In addition to the biological considerations above, practical agronomic factors must also be 
considered to assess the likelihood of habitat manipulations adoption and success. The cost, 
availability and maintenance of the plant as well as its compatibility with the crop and 
cropping system should be considered. Depending on the system, exacerbating weed and frost 
issues may also be a concern (Orre et al., 2008).  
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Potentially it is the growers‟ goals that define whether floral resource provision has been 
successful. Gurr et al. (2005b) identified four aims of farmers including reducing risk, 
workload and environmental impact, maximising farm sustainability and alternative income 
and most importantly, making a profit. Several authors emphasised the obvious point that 
methods to enhance natural enemies through the provision of floral resource subsidies must 
be compatible with profitable farming (Gurr et al., 2005b; Wratten et al., 2003b). Therefore 
these agronomic practicalities should be considered when screening native New Zealand 
plants for CBC. 
 
3.3 Materials and methods 
3.3.1 Sources of insects and floral resources 
Micromus tasmaniae (Brown lacewing) 
Adult lacewings were collected as required from fields of lucerne (Medicago sativa 
(Fabaceae)) located within the Lincoln University campus using a sweepnet (Dent & Walton, 
1997). Consequently the age and feeding history of lacewings were unknown. Native floral 
resources presented to lacewing were screened under a binocular microscope (40 x) to remove 
any invertebrates which may otherwise supplement this omnivore‟s diet.  
Diadegma semiclausum 
Pupae of P. xylostella (potentially parasitized by D. semiclausum) were collected from a kale 
(Brassica oleracea Acephala) field in Canterbury, New Zealand, isolated individually within 
Petri dishes and kept at a temperature of 20°C ± 2 °C and photoperiod of L16:D8. Emerging 
parasitoids identified as D. semiclausum were used for experimentation. 
Aphidius ervi 
A colony of pea aphids (Acyrthosiphon pisum Harris) (Homoptera: Aphididae) was 
established on potted broad bean plants (Vicia faba L.cv. Cole‟s Dwarf) and maintained 
within Perspex cages (64×45×40 cm) with a nylon mesh door kept at 20°C ± 2°C and 
photoperiod of L16:D8. A. ervi, which had been sweep-netted from lucerne fields at Lincoln 
University, were introduced to the pea aphid colony. The identification of A. ervi was 
confirmed by Dr Salah Araj using key identification characteristics (Araj et al., 2006). 
Parasitised aphid mummies were subsequently collected from the colony and isolated 
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individually within Petri dishes. Emerging female parasitoids were subsequently used for 
experimentation. 
 Epiphyas postvittana (Lightbrown apple moth) 
Female lightbrown apple moth (LBAM) pupae were sourced from Plant & Food Research, 
Auckland, New Zealand. Prior to emergence pupae were placed individually within plastic 
vials and kept at 20°C ± 2 °C and photoperiod of L16:D8. 
Plutella xylostella (Diamondback moth) 
Pupae of P. xylostella were collected from a kale field in Canterbury, New Zealand, isolated 
individually within Petri dishes and kept at a temperature of 20°C ± 2 °C and photoperiod of 
L16:D8. Once emerged moths were sexed and female specimens subsequently used for 
experimentation. 
Floral resources 
Floral resources were collected from plants established within the grounds of Lincoln 
University and Landcare Research, Canterbury. Flowers were collected between 8.00 and 
11.00 h (Lee & Heimpel, 2003) and screened for any aphid infestation before use within the 
experiments. 
 
3.3.2 Accessibility of floral nectar by invertebrates 
Measurements of floral architecture and invertebrate morphology 
To ascertain the theoretical access to the nectar of the floral resources by the different 
invertebrate species, floral architecture and invertebrate morphology was recorded. Corolla 
depth and corolla opening of flowers were measured using an ocular micrometer (Graticules 
Ltd.) fitted to a microscope. Corolla depth was measured from the location of the nectar at the 
base of the corolla to the edge of the corolla while corolla width measured the distance across 
the narrowest part of the corolla (N = 10) (Vattala et al., 2006).  
Male and female insect morphology was similarly measured under a microscope (N = 10). 
Head width of all species was determined by measuring the distance between the extreme 
lateral margins of the eyes (Vattala et al., 2006). For both Lepidopteran species proboscis 
length was also measured.  
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3.3.3 Experimental design for longevity experiments 
All experiments were undertaken in the laboratory under a 16:8 L/D photoperiod at 20ºC with 
a 3ºC range. Plant species utilised within these cut-flower experiments are presented in Table 
3.1. These included Leptospermum scoparium var. incanum Cockayne (Myrtaceae) (pictured 
in Plate 3.1), Kunzea ericoides var. ericoides A.Rich, Joy Thomps. (Myrtaceae), 
Muehlenbeckia astonii Petrie (Polygonaceae), Hebe salicifolia G.Forst., Pennell 
(Plantaginaceae), Hebe strictissima Kirk, L.B. Moore (Plantaginaceae), Lophomyrtus 
obcordata Raoul, Burret (Myrtaceae), Olearia paniculata J.R.Forst. et G.Forst., Druce 
(Asteraceae) and Corokia cotoneaster Raoul (Cornaceae). These species were selected due to 
their suitability for the Canterbury plains, ability to be incorporated into crop borders and 
common use by land owners, abundant floral display and representational of a range of plant 
families.   
Table 3-1 Plant species utilised within experiments and observed flowering durations 
Plant species Plant family Common name Flowering duration* 
Corokia cotoneaster  Cornaceae Korokio November-December 
Hebe salicifolia  Plantaginaceae Koromiko December-March 
Hebe strictissima  Plantaginaceae Banks Peninsula 
Hebe 
December-March 
Kunzea ericoides  Myrtaceae Kanuka October-February  
Leptospermum scoparium  Myrtaceae Manuka October-December 
Lophomyrtus obcordata  Myrtaceae Rohutu October-February 
Muehlenbeckia astonii  Polygonaceae Shrub pohuehue January-March 
Olearia paniculata  Asteraceae Golden akeake February-April 
*as observed in Canterbury, New Zealand 2008-2009 
Characteristics of each of these plant species (including growth form and plant tolerances) 
were compiled from the literature and personal observations. This information could then be 
utilised to ascertain the suitability of a plant species for a particular site proposed for CBC 
manipulation.  
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Plate 3-1 The native plant Leptospermum scoparium, displaying open floral nectaries 
 
It was not possible to test the effect of the floral resources of all eight plant species with all 
the invertebrate species mentioned above. Rather labour requirements, the availability of the 
floral resources and the timing of invertebrate emergences dictated the experiments. For 
clarity Table 3.2 displays which native floral resources were tested with each invertebrate 
species. 
 
Table 3-2 Native floral resources tested with different invertebrates 
M. tasmaniae D.semiclausum A. ervi  E. postvittana P. xylostella 
L. scoparium
a
  
K. ericoides
b
  
M. astonii
c
  
H. salicifolia
c
  
L. scoparium
a
  
K. ericoides
a
  
H. strictissima
b
  
H. salicifolia
b
  
M. astonii 
c
 
 
L. scoparium
a
 
K. ericoides
a
 
L. obcordata
a
 
C. cotoneaster
a
  
C. cotoneaster 
a
 
K. ericoides
a
  
H. salicifolia
a
 
L. scoparium
a
  
K. ericoides
a
  
L. obcordata
a
  
O. paniculata
b
 
M. astonii
b
 
H. salicifolia
b
  
abc 
Plant species within columns which share letters were tested within a single experiment. 
All experiments presented invertebrates individually with treatments within a transparent 
poly-carbonate cylindrical cage (130mm height, 105mm diameter). Floral resource treatments 
included several flowering shoots of a plant species placed within a vial of water which had 
been secured to the floor of the cage. Wade & Wratten (2007) demonstrated that differences 
in parasitoid longevity are unlikely to be found between wasps presented with either intact or 
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excised floral resources. They found no differences in the longevity of A. ervi on various 
floral resources which were either presented as intact or excised inflorescences and which 
were replaced every 2 to 5 days. Consequently experiments presented within this study 
utilised excised flowers. Water was also provided with all floral resource treatments. „Water 
only‟ treatments consisted of a vial of water with a cotton wick inserted into it similarly 
secured to the cage floor. Cages were arranged in a randomised complete block design. 
Except for M. tasmaniae, all invertebrate utilised within experiments were newly emerged 
(<24hrs). Longevity of invertebrate was assessed daily. 
Lacewing longevity 
Three separate experiments were undertaken with both male and female M. tasmaniae. The 
first provided lacewings with either water only or L. scoparium (10 replicates), the second 
with either water only or K. ericoides (10 replicates) and the third with either water only, M. 
astonii or H. salicifolia (6 replicates). For each experiment lacewings were brought in from 
the field, sexed and then individually assigned to a treatment organised in a randomised block 
design. All treatments except L. scoparium were refreshed (either with fresh water or newly 
cut flowering plant material) every 1-3 days. It was only possible to provide M. tasmaniae 
with a one-off provision of L. scoparium due to floral resource shortages.  
Diadegma semiclausum longevity 
Three separate experiments assessed the effect of five different floral resources on D. 
semiclausum longevity. The first provided individual male and female wasps with the 
treatments: water only, L. scoparium and K. ericoides. The second provided male and female 
wasps with treatments: water only, H. strictissima and H. salicifolia. The third provided 
female wasps with treatments: water only and M. astonii. Male wasps were not included in 
this third experiment due to culturing shortages. Experiments consisted of 10 replicates for 
each treatment which were refreshed every 1-3 days.  
Aphidius ervi longevity 
A single experiment was undertaken to assess the effect of four different floral resources on 
the longevity of female A. ervi. Treatments included water only, L. scoparium, K. ericoides, 
L. obcordata and C. cotoneaster. The experiments consisted of 10 replicates for each 
treatment which were refreshed every 3-6 days.  
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Lightbrown apple (LBAM) moth longevity 
On emergence female adult E. postvittana was presented with one of four treatments: water 
only, C. cotoneaster, K. ericoides or H. salicifolia. This single experiment consisted of 6 
replicates per treatment which were refreshed every 1-3 days.  
Diamondback moth (DBM) longevity 
Two experiments assessed the effect of six different floral resources on the longevity of 
female DBM. Treatments within the first experiment included water only, L. scoparium, K. 
ericoides and L. obcordata. The second experiment utilised water only, M. astonii, H. 
salicifolia, and O. paniculata. Ten replicates of each treatment were undertaken and these 
were refreshed every 1-4 days.  
Statistical analysis 
For each experiment, longevity data from the different treatments was checked for normality 
and then analysed using either a one or two-way ANOVA with least significant differences 
(LSDs) calculated at P<0.05. Where necessary a second ANOVA was undertaken omitting 
the „water only‟ treatment in order to achieve homogeneity of variances. Where significant 
effects were detected pairwise comparison of means used the LSD (5%). Where the number 
of replicates of different treatments within experiments was below 10 (Lacewing experiment 
3 & LBAM) Kaplan Meier tests were undertaken to confirm significant differences. Outputs 
of these tests may be found in Appendix 1. Analysis utilised Genstat 12
th
 Edition. 
 
3.4 Results 
3.4.1 Accessibility of floral nectar by invertebrates 
Measurements of floral architecture and insect morphology are summarised in Table 3.3. 
Only 3 of the 8 plant species included in this study displayed floral architecture that was not 
„open‟ (0 mm corolla depth). These species included H. salicifolia (mean (±SE) corolla depth: 
2.75±0.08mm; width: 0.9±0.07mm), H. strictissima (depth: 2.93±0.03mm; width: 
2.05±0.02mm) and O. paniculata (depth: 3.12±0.04mm; width: 0.46±0.02mm). 
Except for E. postvittana proboscis length, male and female morphology did not significantly 
differ for each species (ANOVA, P>0.05). Female E. postvittana proboscis were longer than 
those of male E. postvittana (ANOVA, P<0.05). Mean (±SE) headwidth of M. tasmaniae, D. 
semiclausum, A. ervi, E. postvittana and P. xylostella was 0.88mm (±0.01), 0.93mm (±0.02), 
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0.49mm (±0.01), 1.38mm (±0.02) and 0.83mm (±0.002) respectively. Mean (±SE) proboscis 
length of P. xylostella was 3.27mm (±0.02) while those of male and female E. postvittana 
measured 0.12mm (±0.03) and 0.14mm (±0.03) respectively.  
These measurements suggest that of the 8 plant species only H. salicifolia and O. paniculata 
displayed floral architecture which may prevent certain invertebrate species tested within this 
study from accessing nectar. Theoretically E. postvittana would not be able to access nectar 
from either of these plant species while M. tasmaniae and D. semiclausum would likely be 
restricted from accessing nectar from O. paniculata. Measurements suggest A. ervi and P. 
xylostella are capable of accessing the nectaries of all floral resources provided. 
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Table 3-3 Theoretical access to floral nectar and corresponding longevity of invertebrate species  
Plant name 
Corolla depth 
Mean (±SE) (mm) 
Corolla opening 
Mean (±SE) (mm) 
M. tasmaniae D. semiclausum  A. ervi
♀ E. postvittana♀ P. xylostella♀ 
ta‡ Longevity† ta Longevity ta Longevity ta Longevity ta Longevity 
L. scoparium  0.00 0.00 Y *** Y *** Y *** Y nt Y *** 
K. ericoides  0.00 0.00 Y *** Y *** Y *** Y ns Y *** 
M. astonii  0.00 0.00 Y *** Y ***
♀
 Y nt Y nt Y *** 
H. salicifolia  2.75±0.08 0.9±0.07 Y *** Y ** Y nt N ns Y *** 
H. strictissima  2.93±0.03 2.05±0.02 Y nt Y *** Y nt Y nt Y nt 
L. obcordata 0.00 0.00 Y nt Y nt Y ns Y nt Y ** 
O. paniculata  3.12±0.04 0.46±0.02 N nt N nt Y nt N nt Y *** 
C. cotoneaster  0.00 0.00 Y nt Y nt Y ns Y ns Y nt 
‡ = Theoretical access (ta) to floral nectar (Y = access theoretically possible, N = access not theoretically possible);  
† = Longevity was significantly enhanced by the floral resource (**P<0.01, ***P<0.001) 
 ns = non significant effect (P>0.05); nt = not tested 
♀ = Only female invertebrates tested 
 
 
 
4
8
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Characteristics for each of the native plants utilised within this study is summarised in Table 
3.4. Most species are either dense shrubs or small trees which are tolerant to stock browsing 
and able to be hedged. In Canterbury there is an increasing demand for hedgerows to be 
compatible with central pivot irrigation systems (Robins, 2008) and five of the eight species 
tested here are compatible with such systems. Compatibility ensures plants are able to be 
maintained at a passable height. No evidence within the literature was found to suggest any of 
these species pose a threat to livestock health. Other considerations such as a species tolerance 
to shade or salt spray are also addressed in Table 3.4. These plant characteristics may be used 
to determine the suitability of a species within any given agricultural system. 
 
Table 3-4 Characteristics of native plant species utilised in experiments. Adapted from 
Meurk et al. (2005). 
Plant species Suitable zone Tolerance Growth form 
C. cotoneaster  1,2,3,4 ✃❑✝ Dense shrub 
H. salicifolia  1,2,3,4 ✃❑ Dense shrub 
H. strictissima  1,2,3,4 ✃❑ Dense shrub 
K. ericoides  1,2,3,4 ✝ Medium tree 
L. scoparium  3,4 ✝C Small tree 
L. obcordata  1,2,3 ✃❑✝O Small tree 
M. astonii  1,2,3 ✃❑✝C Dense shrub 
O. paniculata  1,2,3 ✃✝C Small tree 
Key:     
Zones: 1=Banks peninsula and coastal hills, 2= Inland foothills, 3= Plains, 4= High 
country.   
Tolerances: ✃= Able to be trimmed or hedged,  ❑ = Compatible with centre-pivot 
irrigation systems  
✝= Tolerant of some browsing (once established), C = Tolerant of salt spray and coastal 
exposure 
O= Shade tolerant 
Bold names: identified by Meurk et al. (2005) as particularly suitable in Canterbury 
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3.4.2 Lacewing longevity with the native floral resources L. scoparium, K. 
ericoides, M. astonii and H. salicifolia 
Experiment 1 
The one-off provision of L. scoparium significantly increased the lifespan of M. tasmaniae 
compared to water only (F1,27=16.64; P<0.001) while female longevity was significantly 
longer than male (F1,27=17.8; P<0.001) (Figure 3.1). There was no interaction between 
treatment and sex (F1,27=0.18; P=0.68). On floral treatments mean (±SE) female longevity 
was 9.1±0.89 days, with a range of 4-13 days; mean (±SE) male longevity was 5.8±0.66 days, 
with a range of 1-7days. 
Experiment 2  
Compared to water only K. ericoides significantly increased the lifespan of M. tasmaniae 
(F1,27=34.2; P<0.001) (Figure 3.2). Male and female longevity did not significantly differ 
from one another (F1,27=0.82; P=0.374). There was no interaction between treatment and sex 
(F1,27=1.13; P=0.30). On floral treatments mean (±SE) female longevity was 17.3±2.67 days, 
with a range of 3-30 days; mean (±SE) male longevity was 13.6±1.85 days, with a range of 8-
24 days. 
Experiment 3  
Compared to the water treatment M. tasmaniae longevity was significantly enhanced by M. 
astonii and H. salicifolia (F1,27=11.42; P<0.001, based on an ANOVA including all six 
treatments). Longevity did not significantly differ between M. astonii and H. salicifolia 
(F1,14=1.28; P=0.28) or between sex (F1,14=3.86; P=0.07) (based on a second ANOVA 
omitting the water only treatment to satisfy the assumption of homogeneity of variances) (see 
Figure 3.3). Mean (±SE) longevity was 3.3±0.22 days with water only, with a range of 2-5 
days; 12.8±2.40 days with H. salicifolia, with a range of 4-26 days and 17.2±2.84 days with 
M. astonii, with a range of 4-32 days. 
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Experiment 1 
 
Figure 3-1 Mean (±SE) longevity of male and female M. tasmaniae with different 
treatments. Interaction LSD (5%) = 2.06 (indicated in the figure by ‘A’).  
Experiment 2 
 
Figure 3-2 Mean (±SE) longevity of male and female M. tasmaniae with different 
treatments. Interaction LSD (5%) = 5.46 (indicated in the figure by ‘A’). 
Experiment 3 
 
Figure 3-3 Mean (±SE) longevity of male and female M. tasmaniae with different 
treatments. Interaction LSD (5%) = 11.75 for ANOVA with water omitted 
from analysis (indicated in the figure by ‘A’). 
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3.4.3 D. semiclausum longevity with the native floral resources L. scoparium, 
K. ericoides, H. strictissima, H. salicifolia and M. astonii. 
Experiment 1 
An ANOVA including all six treatments revealed a highly significant effect of treatment on 
the longevity of D. semiclausum (F2,45=40.56; P<0.001). There was no significant effect of 
sex (F1,45=0.43; P=0.52); however there was a significant interaction between treatment and 
sex (F2,45=3.88; P<0.05) (Figure 3.4). Female wasp longevity was significantly higher when 
provided either L. scoparium or K. ericoides compared with water, while it did not 
significantly differ between these floral treatments. Male wasp longevity was also 
significantly enhanced by L. scoparium and K. ericoides compared to water-only, while it was 
significantly higher when provided with K. ericoides compared to L. scoparium (based on an 
ANOVA omitting the water-only treatment). Mean (±SE) longevity was 2.6±0.16 days with 
water-only, with a range of 1-5 days, 8.9±1.44 days with K. ericoides, with a range of 4-16 
days and 8.3±1.01 days with L. scoparium, with a range of 4-32 days. 
Experiment 2 
There was a significant effect of treatment on the longevity of D. semiclausum (F2,44=24.7; 
P<0.001). Longevity did not significantly differ with sex (F1,44=0.74; P=0.395). The 
parasitoids lived significantly longer with H. strictissima than H. salicifolia (F1,26=12.88; 
P<0.001) (based on an ANOVA omitting the water only treatment). Mean (±SE) longevity 
was 2.7±0.15 days with water only, with a range of 1-4 days; 4.3±0.49 days with H. 
salicifolia, with a range of 2-11 days and 7.4±0.63 days with H. strictissima with a range of 3-
14 days (Figure 3.5). 
Experiment 3 
The longevity of female D. semiclausum was significantly higher when provided with the 
flowers of M. astonii compared to water only (F1,9=41.56; P<0.001). Mean (±SE) longevity 
was 2.7±0.21 days with water only, with a range of 2-4 days and 15.7±1.96 days with M. 
astonii, with a range of 6-22 days (Figure 3.6). 
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Figure 3-4 Mean (±SE) longevity of male and female D. semiclausum with different 
treatments. Interaction LSD (5%) = 2.31. 
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Figure 3-5 Mean (±SE) longevity of male and female D. semiclausum with different 
treatments. Treatment LSD (5%) = 1.76 for ANOVA with water omitted 
from analysis (indicated in the figure by ‘A’). 
 
 
 
  
 54 
 
Experiment 3 
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Figure 3-6 Mean (±SE) longevity of female D. semiclausum with different treatments. 
LSD (5%) = 4.56 (indicated in the figure by ‘A’). 
 
3.4.4 A. ervi longevity with the native floral resources L. scoparium, K. 
ericoides, L. obcordata and C. cotoneaster 
There was an overall effect of treatment on A. ervi longevity (F4,36=10.87; P<0.001). 
Longevity was significantly enhanced by the floral resources of L. scoparium and K. ericoides 
compared to the treatments water only, L. obcordata and C. cotoneaster. A second ANOVA 
omitting the water only treatment confirmed L. scoparium and K. ericoides significantly 
increased longevity compared to L. obcordata and C. cotoneaster (see Figure 3.7). Mean 
(±SE) longevity was 2.0±0.29 days with water only, with a range of 1-3 days; 3.0±0.30 days 
with L. obcordata (range 2-5 days), 4.7±0.29 days with C. cotoneaster (range 2-12), 8.9±1.68 
days with K. ericoides (range 4-19) and 10.2±1.50 days with L. scoparium (range 4-17) 
(Figure 3.7). 
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Figure 3-7 Mean (±SE) longevity of female A. ervi with different treatments. LSD (5%) = 
3.49 based on an ANOVA omitting water only (indicated in the figure by 
‘A’). 
 
3.4.5 Lightbrown apple moth longevity with the native floral resources C. 
cotoneaster, K. ericoides  and H. salicifolia 
No significant effect of treatment on longevity of E. postvittana was found (F3,15=2.16; 
P=0.14) (Figure 3.8). Mean (±SE) longevity was 11.5±1.12 days with C. cotoneaster (range 
9-16 days); 11.54±0.89 days with water only (range 9-15); 8.17±0.98 days with K. ericoides 
(range 6-11), and 10.67±0.88 days with H. salicifolia (range 7-12) (Figure 3.8) 
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Figure 3-8 Mean (±SE) longevity of female E. postvittana with different treatments.  
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3.4.6 Diamondback moth (DBM) longevity with the native floral resources L. 
scoparium, K. ericoides, M. astonii, H. salicifolia, L. obcordata and O. 
paniculata 
Experiment 1 
There was a significant effect of treatment on the longevity of female DBM (F3,21=19.11; 
P<0.001) with all floral resources enhancing the longevity of this Lepidopteran pest compared 
to water only. Longevity with K. ericoides was significantly higher to that of L. obcordata, 
which did not significantly differ from L. scoparium (Figure 3.9). Due to an unbalanced 
design multiple LSDs were generated by Genstat. Consequently significant differences 
between treatments are indicated in the figure below using different letters rather than an LSD 
value. Mean (±SE) longevity was 7.7±0.98 days with water only, (range 3-12 days); 
14.25±2.21 days with L. obcordata, (range 10-19); 23.6±2.55 days with L. scopariums (range 
10-33), and 28.2±2.87 days with K. ericoides (range 12-37) (Figure 3.9). 
Experiment 2 
There was a significant effect of treatment on DBM longevity (F3,27=75.84; P<0.001) (Figure 
3.10). All floral resources significantly enhanced the longevity of female DBM compared to 
water only while the provision of O. paniculata significantly increased moth longevity 
compared to M. astonii and H. salicifolia. Mean (±SE) longevity was 7.9±0.88 days with 
water only, (range 4-11 days); 31.5±1.49 days with O. paniculata (range 26-38); 15.6±1.11 
days with M. astonii  (range 10-21), and 15.8±1.69 days with H. salicifolia (range 6-23) 
(Figure 3.10). 
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Figure 3-9 Mean (±SE) longevity of female DBM with different treatments. Treatments 
sharing letters do not significantly differ (P>0.05). 
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Figure 3-10 Mean (±SE) longevity of female DBM with different treatments. 
 LSD (5%) = 3.30 (indicated in the figure by ‘A’). 
 
Table 3.5 provides an overview of the extent by which invertebrate longevity was increased in 
relation to each experiments water only treatment. It indicates that the impact of a floral 
resource on longevity differs among invertebrate species as do relative longevities with 
different floral resources. 
The greatest enhancement of longevity occurred for male and female M. tasmaniae and D. 
semiclausum when provided with the flowers of M. astonii; longevities increased by factors of 
4, 6.4 and 5.8 respectively. This floral resource had a relatively lower impact on P. xylostella 
with longevity increased by a factor of only 2.  
Ramifications of these findings in terms of selective invertebrate enhancement are discussed 
further in section 3.5. 
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Table 3-5 Extent by which invertebrate longevity was increased by floral resources 
compared to water only (longevity (days) with floral resource / longevity with 
water-only). 
Plant species 
M. tasmaniae D. semiclausum  A. ervi E. postvittana P. xylostella 
male female male female female female female 
L. scoparium  1.8
†
 1.5
†
 2.3 3.2 4.9 nt 3.1 
K. ericoides  3.0 4.0 4.4 3.4 4.2 0.0 3.7 
M. astonii  4.0 6.4 nt 5.8 nt nt 2.0 
H. salicifolia  3.4 4.3 1.6 1.6 nt 0.0 2.0 
H. strictissima  nt nt 2.4 3.0 nt nt nt 
L. obcordata nt nt nt nt 0.0 nt 2.1 
O. paniculata  nt nt nt nt nt nt 4.0 
C. cotoneaster  nt nt nt nt 0.0 0.0 nt 
nt = not tested, † = one off provision of floral resource only 
 
3.5 Discussion 
3.5.1 Accessibility of floral resources in relation to insect longevity 
The flowering plants L. scoparium, K. ericoides, M. astonii, L. obcordata and C. cotoneaster 
all presented open floral nectaries. Only H. salicifolia, H. strictissima and O. paniculata had 
floral architecture which may restrict access to floral nectar. From a comparison of insect 
morphological and floral architectural measurements it is likely that E. postvittana is unable 
to access nectar from either H. salicifolia or O. paniculata while M. tasmaniae and D. 
semiclausum may be restricted from accessing nectar from O. paniculata. However, neither of 
these species was tested with O. paniculata to provide any indication of this. It is noteworthy 
that although access to the point of nectar secretion at the base of the corolla may be restricted 
due to invertebrates head width, it is possible that through capillary action nectar may become 
available at a corolla opening (Baggen et al., 1999). Lavandero et al. (2006) speculated that 
this occurred when D. semiclausum longevity was enhanced with the provision of phacelia 
flowers, which had a floral architecture which prevented the wasp from accessing nectaries 
within the corolla. Further observations of O. paniculata flowers may determine whether such 
capillary action is occurring for this species.  
A lack of accessibility to H. salicifolia may explain why the longevity of E. postvittana was 
not enhanced by this resource. However, this does not explain why E. postvittana did not 
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benefit from either K. ericoides or C. cotoneaster; both of which had theoretically accessible 
nectaries. Earlier studies have confirmed that E. postvittana longevity can increase in the 
presence of floral resources provided in similar laboratory conditions (Irvin et al. 2006), 
suggesting factor(s) other than floral accessibility are the cause of E. postvittana not utilising 
K. ericoides or C. cotoneaster floral resources. Floral attributes mentioned earlier (Section 
3.2) such as a flower shape, colour or volatiles have been shown to affect an invertebrate‟s 
use of the resource (Ne'-eman & Kevan, 2001; Wackers, 2004); it may be that one (or more) 
of these factors is causing E. postvittana not to use the floral resources of this study. 
Consequently, while floral architecture and morphological measurements may be used to 
crudely predict the theoretical access of floral nectar by invertebrate species, findings 
demonstrate that accessibility to this nectar does not guarantee an enhancement of longevity. 
This was shown in this study by A. ervi and E. postvittana failing to benefit from floral 
resources which had theoretically accessible nectar.  
Although findings of this study do not indicate any negative impacts on longevity through the 
provision of inaccessible floral resources, it has been suggested that such provisions may 
indeed reduce invertebrate fitness through energy losses incurred in futile foraging on 
inaccessible flowers (Winkler et al., 2009). Consequently, determining if floral resources are 
accessible may be of importance not only in relation to nectar availability but also to avoid 
negative effects of deploying inaccessible resources.  
It would appear that floral architecture and insect morphology should only be used as a 
preliminary indicator of nectar accessibility and this does not obviate further investigations.  
 
3.5.2 Impact of floral resources on invertebrate longevity 
Lacewing longevity 
All four floral resource species presented to M. tasmaniae enhanced the omnivore‟s longevity, 
suggesting a wide range of floral resources benefit this invertebrate. Because lacewings 
consume pollen as well as nectar (Robinson et al., 2008; Silberbauer et al., 2004) this 
probably increases the number of plant species which this invertebrate may exploit. Pollen 
consumption by this species may explain the relatively greater impact of H. salicifolia on M. 
tasmaniae longevity compared to D. semiclausum or P. xylostella (which do not utilise pollen 
as a food source), as substantial amounts of pollen were observed within the flowers of this 
species. 
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Parasitoid longevity 
The longevity of A. ervi was significantly enhanced by both L. scoparium and K. ericoides 
while L. obcordata and C. cotoneaster failed to affect it. Floral resources were refreshed only 
every 3-6 days and this may have provided inadequate quantities of nectar to meet the energy 
demands of A. ervi. Observations of floral nectar within L. obcordata and C. cotoneaster 
inflorescences showed apparently smaller quantities than L. scoparium and K. ericoides. Non-
nectar attributes of L. obcordata and C. cotoneaster may also have contributed to this result 
by failing to elicit a feeding response from A. ervi.  
Flowers of buckwheat, phacelia, alyssum and coriander all increase the longevity of A. ervi 
(Araj et al., 2006). Considering the diversity of the families from which these plant species 
belong (Polygonaceae, Boraginaceae, Brassicaceae and Apiaceae, respectively) it is likely that 
a diverse range of native New Zealand flowering plants will also benefit A. ervi. Results from 
this study, however, illustrate that further experiments are required as not all species appear to 
be suitable for this natural enemy, although repeating the assay with more frequent 
refreshment of the flowers is advisable. 
Diadegma semiclausum longevity was significantly enhanced by flowers of all five native 
plants presented to it. The greatest was recorded on M. astonii, followed by K. ericoides, L. 
scoparium, H. strictissima and lastly H. salicifolia.  
Hebe strictissima and H. salicifolia both provide less-open access to floral nectar than do the 
other test plants. This may have reduced the consumption of H. strictissima and H. salicifolia 
nectar by D. semiclausum as parasitoids can restrict their foraging to open nectaries (Patt et 
al., 1997).  
 
Lepidopteran longevity 
While none of the three floral resources presented to E. postvittana affected its longevity, all 
those provided to P. xylostella improved this herbivore‟s longevity. This suggests „non-target‟ 
use of native floral resources deployed for CBC is a greater concern within systems where P. 
xylostella is a pest than of those where E. postvittana requires management. Although, 
considering the limited number of native floral resources tested with E. postvittana and the 
fact that floral resources have been shown to benefit this pest (Irvin et al., 2006), a greater 
number of native floral resources should be screened before such a statement can hold weight.  
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The proboscis length of P. xylostella appears to allow this lepidopteran access to most floral 
resources, although as mentioned earlier this would not entirely explain the discrepancy 
between E. postvittana and P. xylostella longevities as E. postvittana was physically capable 
of accessing the nectar of K. ericoides and C. cotoneaster. 
Relative to the water-only treatment within each experiment, O. paniculata had the greatest 
impact on P. xylostella longevity followed by K. ericoides and L. scoparium. M. astonii and 
H. salicifolia had the lowest impact. Reasons for these differences may be due to specific 
floral attributes or, as highlighted by Winkler et al. (2009), may have been influenced by 
abiotic factors such as relative humidity. 
Relative humidity can influence lepidopteran longevity during laboratory experiments with 
floral resources. Winkler et al. (2009) demonstrated that not only did the overall longevity of 
the lepidopteran Pieris rapae L. increase with higher relative humidity on certain floral 
resources, the relative impacts of those resources on the pest‟s longevity also changed. It was 
suggested that these observed differences were due to humidity affecting nectar viscosity. 
This in turn may limit nectar uptake by Lepidoptera whose proboscises are incapable of 
imbibing nectars of high viscosity. Potentially, then, results presented in this study may alter 
if repeated at different humidities.  
Furthermore, if humidity differed within different treatments this may have directly affected 
invertebrate longevity. Besides temperature, humidity is the foremost abiotic factor known to 
affect E. postvittana development (Tomkins, 1984). It is possible that floral treatments caused 
the relative humidity within experimental cages to differ as plant material transpired. 
However, the fact that E. postvittana showed no difference in longevity between treatments 
with and without plant material suggests that humidity did not significantly differ between 
treatments. Greater clarity on this issue could be attained by measuring the humidity in each 
treatment, or controlling it to within a narrow range throughout.  
 
3.5.3 Implications for the suitability of tested plant species for conservation 
biological control 
Selectivity  
Ideally a floral resource deployed for CBC should be selective in benefiting the targeted 
natural enemy relatively more than that of the pest (Section 3.2). Within this study, none of 
the floral resources which were tested with both a herbivore and a natural enemy exclusively 
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enhanced that of the natural enemy. However, the degree to which longevities were enhanced 
by the floral resource may provide an indication that pest management may be improved 
regardless of its lack of strict selectivity. Within this study the extent by which the longevity 
of a natural enemy and its host was enhanced, differed. D. semiclausum benefitted to a greater 
extent than its host, P. xylostella when provided with M. astonii, while relative longevity did 
not significantly differ between this herbivore and its natural enemy when the flowers of L. 
scoparium, K. ericoides or H. salicifolia were provided (see Table 3.4). This difference may 
be further strengthened by each invertebrate species lifetime oviposition rate. Because P. 
xylostella lay most eggs in the first few days after emergence (Pivnick et al., 1990) any 
increase in longevity is unlikely to significantly increase pest densities. Conversely, due to a 
relatively constant rate of parasitism, the longevity of D. semiclausum is closely aligned to the 
number of hosts it may parasitize (Cardona, 1997; Winkler et al., 2006); making an 
enhancement of longevity likely to significantly increase its pest reduction potential (Putman 
& Wratten, 1984). This argument is supported by field work conducted by Lee & Heimpel 
(2005) who found densities of P. xylostella were not enhanced when buckwheat was sown 
within brassica field borders and further strengthened by Lavandero et al. (2006) who found 
that while the longevity of P. xylostella was enhanced by buckwheat, fecundity was not. 
To address this issue of selectivity further, additional experiments are required to investigate 
the effects of the native floral resources on fourth trophic level natural enemies which may 
reduce efficacies of M. tasmaniae, D. semiclausum and A. ervi. 
Laboratory experiments conducted by Jonsson et al. (2009) showed that the longevity of the 
lacewing parasitoid Anacharis zealandica Ashmead (Hymenoptera: Figitidae) was 
significantly enhanced when provided with buckwheat flowers compared to a water only 
control treatment while Araj et al. (2006) demonstrated a similar enhancement for a 
hyperparasitoid of A.ervi, Dendrocerus aphidum Rondani (Hymenoptera: Megaspilidae). It is 
also possible that Trichomalopsis spp. (Hymenoptera: Pteromalidae), which parasitise D. 
semiclausum may also benefit from floral resources. Although the overall impact of such 
fourth trophic level enhancement on pest control in the field is uncertain (Araj et al., 2006) it 
would be prudent to ascertain, at the very least, the risk of such unintended enhancements. 
Results from longevity experiments suggest E. postvittana would not benefit from the floral 
resources of C. cotoneaster, K. ericoides or H. salicifolia. The next step would be to 
determine if the natural enemies of this vineyard pest are favourably affected by these floral 
resources, providing potential for enhancing top-down control. Natural enemies of E. 
postvittana include earwigs, spiders, lacewing larvae, ladybird beetle adults and larvae and 
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predatory wasps (Frank et al., 2007; Lucas et al., 2004; Wearing et al., 1991). The key 
parasitoid of E. postvittana within New Zealand vineyards is D. tasmanica and has been 
thoroughly studied for its ability to reduce populations of this pest (Berndt et al., 2002; Irvin 
et al., 1999; Scarratt et al., 2008). In the context of vineyard pest management then, this 
parasitoid would be the obvious candidate upon which to carry out further investigations 
utilising these native flowering plants. 
 
Agronomic practicalities 
The characteristics of the native plant species tested within this study provide further 
information by which to select suitable native plants to deploy for CBC within Canterbury, 
New Zealand. Clearly an appreciation of the agricultural system in which floral resources are 
to be deployed will influence the plant species selected for CBC deployment. For example 
while L. scoparium may enhance the efficacy of a natural enemy important to an agricultural 
system for its biological control activity -and do so at a time when pest densities are high- its 
small-tree growth form may not be practical where central pivot irrigation is installed. This 
exemplifies that while laboratory experiments may identify floral resources which have the 
greatest positive impact on a natural enemy, agronomic practicalities may mean a floral 
resource of lesser impact is deployed. Results of this study indicated that M. astonii shows 
promise at enhancing natural enemy fitness to a greater extent than that of pests. Suitability of 
this plant species is further supported by various characteristics including its dense shrub 
growth form, long flowering duration, suitability for the dry plains environment, compatibility 
with centre-pivot irrigation systems and tolerance to trimming, coastal exposure and 
browsing.    
An additional agronomic practicality and potentially important consideration is that of native 
plants deployed for CBC becoming weeds within the agricultural landscape. A report 
commissioned by MAF Policy (2001) in New Zealand identified several native New Zealand 
plants as weeds within agricultural landscapes. Of those species tested within this study both 
L. scoparium and K. ericoides were categorised as weed species within the MAF policy 
report. Such categorisation of L. scoparium and K. ericoides remains today within a weed 
database administered by Massey University in North Island, New Zealand (Massey 
University, 2010). Such categorisation is based on the assumption that these species cause 
economic loss to agricultural systems. The research presented here, which indicates these 
plant species may in fact add value to an agricultural system due to enhanced CBC, 
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challenges the classification of these native species as weeds. Regardless of this, an evaluation 
of the potential for any native plant species recommended for CBC deployment to become a 
„weed‟ would be wise; ensuring any positive gains in pest management are not offset by 
economic losses a plant species may incur upon a farming system. 
 
3.5.4 Experimental limitations: nectar quantity and quality of floral resources 
It is possible that the longevity observed for invertebrate presented with floral resources 
within this study may have been increased had inflorescences been replaced more often. 
Although Wade and Wratten (2007) showed there was no significant difference in the 
longevity of parasitoids presented with either intact or excised flowers and that up to five days 
may pass before they need to be replaced, this may only be applicable in cases where the 
researcher is sure that the quantity of the floral resource is surplus to the invertebrate‟s energy 
requirements (Olson et al., 2005). Controlling for the quantity of nectar provided by each of 
the plant species utilised within this study presented a challenge as it was not possible to 
check for the presence or quantity of nectar within each inflorescence; however nectar was 
observed within the flowers of all plant species over the course of the experiments. In light of 
this, observed differences in the longevity of invertebrates between treatments may partially 
be due to differences in overall quantities of nectar. So while this study may conclude that 
certain floral resources significantly enhance an invertebrate‟s longevity compared to water 
only, the degree to which this has occurred is not so clear and should be treated with caution. 
In addition to these uncertainties surrounding nectar quantity, there exists further concern over 
nectar quality. A preliminary investigation within this study revealed that once observed 
nectar is removed and the inflorescence is cut from the plant the fluid which then builds up 
within the nectary contains sugars at far lower concentrations than that first sampled (see 
Appendix 2 for details of this preliminary investigation). It appears that once cut, nectar 
production as measured by its total sugar content decreases within a matter of hours (P. 
Nobel, UCLA, pers. comm.). Ideally then excised inflorescences utilised within laboratory 
experiments should be replaced every day to ensure nectar quality is similar to that which 
occurs in the field. 
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3.6 Conclusions 
Findings from this study provide preliminary information on the suitability of certain native 
New Zealand floral resources for CBC. Floral resources varied in their effect on tested 
invertebrate species. This highlights the need for CBC practitioners to identify invertebrate 
species important for pest management within a particular cropping system and to then 
determine the most suitable floral resource. Laboratory (and later field research) can provide 
information to select native floral resources; however, in parallel with such screening an 
appreciation of plant characteristics should be made to ensure tested plant species are 
compatible with the agricultural system in question. Arguably these considerations would be 
relevant for CBC practitioners around the world and would aid the shortlisting of suitable 
plant species. 
The findings presented here would suggest M. astonii would be the most suitable choice, of 
those floral resources tested, to deploy for CBC in sysytems where D. semiclausum and P. 
xylostella are of concern. This arises out of the finding that M. astonii had the greatest impact 
on D. semiclausum longevity while also providing the most selective enhancement of this 
natural enemy over its host, P. xylostella. The need for such selective enhancement of a 
targeted natural enemy is a key concern of CBC practitioners and consequently should receive 
careful consideration.  
The floral resources L. scoparium, K. ericoides, M. astonii, H. salicifolia and H. strictissima 
all significantly enhanced the longevity of those natural enemies to which they were 
presented. This identifies these species as having potential to be deployed for CBC. Although 
L. obcordata and C. cotoneaster did not enhance the longevity of A. ervi; further testing with 
both greater quantities of this resource as well as testing this species with a range of other 
natural enemies may find these species to be suitable. Speculating on the potential of O. 
paniculata as a plant for CBC management is not possible considering the limited testing that 
has taken place with this species to date, although it would appear to be a highly suitable 
floral resource for the pest P. xylostella. The variation in the extent to which the different 
floral resources impacted invertebrate longevity suggests a greater number of native plant 
species should be tested as it is possible other species may have even greater impacts on 
invertebrate fitness. 
In light of the considerations outlined in Section 3.2, additional research would be required 
before any of these native New Zealand flowering plants could be confidently recommended 
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for conservation biological control practices. Further experiments are required to ascertain the 
impact of those native plant species tested here on non-target invertebrates such as fourth 
trophic level antagonists, while several other assays could help clarify some experimental 
limitations surrounding the uncertainties of treatment humidity levels and floral nectar 
quantity and quality. Ultimately such laboratory findings need to be supported by field 
research (Jonsson et al. 2009). Discrepancies between laboratory experiments and field trial 
research have been uncovered by previous studies in CBC (Lee & Heimpel, 2008; Steppuhn 
& Wackers, 2004; Winkler et al., 2006), illustrating the importance of testing theories outside 
the controlled environs of a laboratory. 
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     Chapter 4 
Deploying native plants beneath grapevines for 
ecosystem service enhancement in a North Canterbury 
vineyard 
4.1 Introduction 
Research undertaken in 2005 at Lincoln University had shown that the floral resource 
buckwheat, Fagopyrum esculentum (Moench) could be deployed within New Zealand 
vineyards to enhance the biological control of a pest, Epiphyas postvittana (Walker) 
(Lepidoptera: Tortricidae) (Scarratt, 2005). Concurrent research at Michigan State University 
was exploring the use of native North American vegetation to similarly enhance natural 
enemies of crop pests (Fiedler & Landis, 2007a). Collaborations with these American 
colleagues alongside the initiation of the Greening Waipara project led Lincoln University 
researchers to investigate whether native New Zealand plants could be used to enhance 
vineyard natural enemies in a similar fashion to buckwheat. Further discussions led to the 
research presented here, which not only looked at the potential use of native New Zealand 
plants to enhance biological control in the vineyard, but also their potential to provide other 
ecosystem services including conservation of biodiversity, enhanced soil health, greenhouse 
gas sequestration and weed suppression (see section 1.4 for further information concerning 
these ecosystem services). This was accomplished through a field trial and several laboratory 
experiments. 
 
4.2 Materials and methods 
4.2.1 Field trial site description 
The field trial was located within the 100ha vineyards of the Mud House Winery and Café in 
Waipara, North Canterbury (E2489521: N5782109, altitude: 76m). A block of grapevine (cv. 
Pinot Noir; 2.3m row width) was made available for the trial, bordered by State Highway 1, 
the winery and grass fields. Site conditions: mean rainfall: 683.5mm, mean January 
temperature: 23ºC, heat units in growing season (ºC): 900-1100, soil type: Glasnevin silt loam 
soils (Jackson and Schuster 2001). 
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4.2.2 Selection criteria for native plant species and trial design 
A list of potential native plants to be deployed under grape vines was collated from literature 
and through consultation with Dr Colin Meurk and Peter Heenan of Landcare Research. 
Plant species were selected for their endemism, growth habit (1-15cm in height), floral 
characteristics and tolerance to frost, exposure, sun, drought and disturbance as well as 
practicalities such as cost and availability of species. All plants were obtained from local 
nurseries specialising in native flora or grown from cuttings, and maintained at Lincoln 
University shade houses before planting. Thirteen native plant species were consequently 
selected for use within the trial (Table 4.1). An additional treatment, A. inermis „purpurea‟, 
was also included as initially it was thought this plant was a variant of A. inermis and may 
differ in performance in the vineyard. Later however it was resolved that A. inermis 
„purpurea‟ is in-fact not a true variant of A. inermis but a natural colour morph of the species, 
both of which are known from the Waipara valley (Webb et al., 1988; C. Meurk, Landcare 
Research, pers. comm. 2010). And although these two treatments did differ in their 
performance this was ascribed to the difference in planting material quality that was supplied. 
Planting material for A. inermis was much poorer than for A. inermis „purpurea‟, and indeed 
all other species (for which planting material was of a high standard). Therefore results for A. 
inermis „purpurea‟ may well be bestowed on the species A. inermis. This was further 
supported by plants of A. inermis observed in the vineyard outside the trial area showing 
similar growth characteristics as the „purpurea‟ morph. 
The trial, established in October 2007, was of a „complete-block‟ design (Figure 4.1) 
consisting ten replicates each of fifteen treatments: fourteen different native plant treatments 
and a control treatment where no native plant species was established. Each native plant 
replicate consisted of two plants: one on either side of a grape vine, arranged along the 
irrigation drip line. Replicates were separated by two grape vines. For assessment of soil 
parameters this separation of treatments was deemed acceptable to ensure treatments did not 
influence each other (J. Bertram, Lincoln University, pers. comm. 2010).
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Figure 4-1 Under-vine native plant trial design. Each square represents a vine along a row (numbered on left), with shaded squares 
representing vines within the numbered blocks (10). Darkly shaded squares locate vines with native plants established on either 
side. 
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Table 4-1 Native plant species used in the North Canterbury trial 
Plant species
1
 Family 
Acaena inermis Hook.f. Rosaceae 
Acaena inermis „purpurea‟ Hook.f.* Rosaceae 
Anaphalioides bellidioides Glenny Asteraceae 
Disphyma australe (subsp. australe) Aiton Mesembryanthemaceae 
Geranium sessiliflorum Simpson et Thomson Geraniaceae 
Hebe chathamica Cockayne et al.lan Plantaginaceae 
Leptinella dioica Hook.f. Asteraceae 
Leptinella squalida Hook.f. Asteraceae 
Lobelia angulata G. Forst. Lobeliaceae 
Muehlenbeckia ephedroides Hook.f. Polygonaceae 
Muehlenbeckia axillaris (Hook.f.) Endl. Polygonaceae  
Raoulia hookeri Allan var. hookeri Asteraceae 
Raoulia subsericea Hook.f. Asteraceae 
Scleranthus uniflorus P.A. Will. Caryophyllaceae 
*A natural variation of Acaena inermis which has purplish coloration.  
1
All species endemic to New Zealand except M. axillaris 
 
4.2.3 Growth and survival 
The growth of each plant replicate was assessed 6 and 12 months after planting. This was 
recorded by taking area measurements (of ground covered by living native vegetation) using a 
hand held ruler of all living plant material within each replicate. Measurements were taken a 
week after planting to establish baseline areas. From this growth was calculated. An analysis 
of variance (ANOVA) was used to determine if growth between species differed. Significant 
differences were further explored using a Fishers Protected LSD test (5%) using Genstat 12
th
 
Edition. 
Survival after 12 and 24 months was calculated by recording the presence or absence of living 
native plant material, with each side of the vine accounting for 5% survival for each treatment 
across the ten blocks. 
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4.2.4 Ecosystem services provided by native plants beneath grapevines 
4.2.4.1 Conservation of biodiversity: Shannon diversity indices 
Within agroecosystems the abundance and diversity of arthropods may be influenced by both 
landscape and local factors. At the landscape level several recent studies have shown that 
arthropod diversity, specifically of natural enemies, increases with increasing landscape 
heterogeneity or non-crop habitat (Isaia et al., 2006; Jonsson et al., 2009; Marino et al., 2006; 
Tscharntke et al., 2007). At the local scale factors shown to influence arthropod diversity 
include, among other things, pesticide applications (Frampton & Dorne, 2007; Stark & Banks, 
2003 ), tillage (Sharley et al., 2008), other forms of disturbance (Mele & Carter, 1999; 
Menalled et al., 2007) and the specific cropping system and structure (Uetz et al., 1999) 
including groundcover types (Altieri & Schmidt, 1986; Baggen & Gurr, 1998). Research 
looking at the effect of groundcovers on arthropod diversity in vineyards has shown arthropod 
diversity to increase with the addition of mulches (Thomson & Hoffmann, 2007) and the use 
of covercrops (Nicholls et al., 2008). It is therefore possible that the establishment of native 
plants beneath the grapevines will affect arthropod diversity. 
In August 2008, January 2009 and March 2009 (ten, 15 and 17 months after establishment of 
the native plants) under-vine treatments were assessed for invertebrate diversity and 
abundance using a Vortis insect suction sampling system as described by Arnold (1994). In 
August samples were taken from the fourteen plant treatments, the control treatment of bare 
earth and from inter-row areas of spontaneous vineyard floor vegetation (predominantly 
consisting of rye grass (Lolium perenne L.)) from each of the ten blocks. The vortis was set 
on maximum suction for a duration of 10 seconds, within which time an area of 0.04m
2
 was 
sampled. Collected invertebrates were stored in 70% ethanol before being returned to the 
laboratory for sorting and identification of taxa. Individuals were then assigned an RTU 
(recognisable taxonomic unit) for statistical analysis of diversity and abundance. This was 
repeated in January and March 2009, however at these dates R. subsericea, M. ephedroides 
and D. australe were not sampled due to their poor growth and survival. 
Diversity values were obtained for each treatment using the Shannon Weiner H index as this 
index takes into account both evenness and species richness (Magurran, 1988 ). 
To determine if significant differences existed between treatments a non-parametric Kruskal-
Wallis one-way ANOVA was undertaken which compared invertebrate diversity and richness 
between treatments. A non-parametric Tukey-type multiple comparison, using the Nemenyi 
test, determined which treatments differed from one another (Zar, 1999). 
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Invertebrate abundances may have been influenced by the different plant species structures.  
The different structures may either provide greater or lesser suitable habitat or may have 
sheltered individuals, preventing their collection. In an attempt to account for this the 
following characteristics of the different native plant species was recorded: structural type, 
leaf area, leaf litter presence and occurrence of leaf overlap. This data was collected from 
plants maintained at Lincoln University shade houses in September 2009. Other factors which 
may have influenced invertebrate abundance of native plant species, but which were not 
recorded, include plant volatiles, flowering occurrence and density and microclimatic 
conditions such as moisture, shading, temperature or wind movement (Dent & Walton, 1997). 
 
4.2.4.2 Conservation biological control 
A typical New Zealand vineyard consists of row upon row of Vitis vinifera grapevine with a 
bare earth or shortly mown rye grass floor. Such an environment may be described as a 
simplified agroecosystem or indeed monoculture (Nicholls et al., 2008). It has been shown 
that more simplified systems host fewer natural enemies than complex systems containing a 
higher area of non-crop vegetation (Tscharntke et al., 2007) and that biodiversity provides 
several ecological services including the suppression of pest organisms (Altieri, 1999). Many 
scientists have concluded that non-crop habitat is important for conserving natural enemies of 
crop pests (Altieri, 1999; Fry, 1995; Landis et al., 2000; Ponti et al., 2005; Pywell et al., 2005; 
Sotherton, 1984; Thies & Tscharntke, 1999; Thomas & Marshall, 1999), inferring that natural 
enemies are able to increase in number within these unsprayed refuges and then move out into 
the crop to provide pest control services.  
Research within vineyards looking at biodiversity enhancement for ecologically-based pest 
control has found that non-crop refuges do lead to increased levels of pest control in adjacent 
vine rows (Nicholls et al., 2008) supporting the belief that increased agroecosystem diversity 
leads to greater pest control (Gurr et al., 2004). Non-crop habitats which are throughout the 
crop, such as a cover crop, have the potential to provide more effective pest control compared 
to corridors or field margins which may only enhance pest control within adjacent rows rather 
than throughout the entire vineyard. For instance Corbett and Rosenheim ( 1996) found that 
although prune trees (Prunus domestica) near Californian vineyards maintained overwintering 
populations of the parasitoid wasp Anagrus epos and resulted in enhanced control of a 
vineyard pest (leafhoppers (Hemiptera: Cicadellidae)) this control was limited to only a few 
rows downwind. This demonstrates the importance of taking into consideration the spatial 
scale of habitat management for pest control, which must account for the dispersal capabilities 
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of natural enemies targeted for enhancement (Landis et al., 2000) and also highlights a 
limitation to non-crop refuges which only border crops.  
However even cover crops spaced throughout a crop are often ploughed under, removing for a 
time this refuge for natural enemies, potentially negatively reducing the abundance and 
composition of natural enemy groups (Schellhorn et al., 2008; Sharley et al., 2008; Thorbek & 
Bilde, 2004). The perennial native plants of this study, established beneath the grapevines, 
have the potential to provide a continuous and undisturbed refuge to natural enemies 
throughout the vineyard. Being permanent, such groundcover may offer critical overwintering 
sites for natural enemies that would otherwise vacate the vineyard system in the colder 
months when dormant vines and bare earth provide little or no suitable habitat (Hogg & 
Daane, 2010). 
The potential for the native plants to contribute to biological control of vineyard pests may be 
determined by examining certain attributes of the different plant species. Their provision of 
resource subsidies including food such as nectar, pollen and alternative prey or hosts as well 
as shelter may enhance the local abundance and fitness of natural enemies, leading to the 
improvement of “top-down” control of pest populations (Landis et al., 2000; Wratten, 2003). 
Consequently the native plants were assessed for the following: floral morphologies; 
flowering durations and densities; natural enemy visitation in the field; shelter provided to 
predators (Araneae); effects of floral resource upon natural enemy longevity (in the 
laboratory).  
While the native plants may enhance the fitness or abundances of natural enemies in the 
vineyard, there exists the possibility of them also enhancing pest species. The need for 
selective resource subsidies has become of key concern to those practicing conservation 
biological control (Lavandero et al., 2006) as the benefits to the natural enemy gained by the 
resource subsidy may also be shared by pests (Baggen & Gurr, 1998; Lavandero et al., 2006) 
or indeed antagonists of the targeted natural enemy (Jonsson et al., 2009) (see Sections 3.1.3 
and 3.2 where the importance of floral resource selectivity is discussed). Past work in apple 
orchards identified surrounding non-crop vegetation as hosting the pest E. postvittana and to 
be a source from which this pest emigrated to the orchard (Tomkins, 1991). To investigate the 
potential of E. postvittana to benefit from the native ground covering plants in the vineyard, a 
series of laboratory experiments were undertaken. Adult longevity, larval development and 
larval feeding preference of E. postvittana with respect to the native plant species of this study 
were investigated. Known host plants of this pest include over 250 species belonging to more 
than 55 families (Spiller & Wise, 1982; Wearing et al., 1991). With such a broad host range it 
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is possible that leafrollers are capable of being hosted by the plants of this study (R. Hoare, 
Landcare Research. pers. comm. 2010).  
 
4.2.4.2.1 Floral densities and duration in the field 
Measuring the floral densities and bloom duration of the native plants gives an estimation of 
the quantities of the floral resource which a plant species may provide. This will have 
implications for the scale and timing at which plant species would need to be deployed in 
order to achieve successful conservation biological control (Landis et al., 2000; Wäckers et 
al., 2005).  
Flowering densities and duration of each native plant species within the trial were recorded in 
the 2008-2009 field season. Flowering duration was determined from the date inflorescences 
were first observed on the plant species (at any treatment replicate) until no new 
inflorescences were observed on the plant species within the trial. Flowering density 
assessments in the field were undertaken during arthropod sampling in January and March. A 
20cm quadrat was laid down on a continuous area of flowering native vegetation of each 
treatment replicate and all flowers within the quadrat were then counted to give a mean floral 
density value for each species. Where „flowers‟ contained multiple florets (Asteraceae and 
Rosaceae spp.) natural flower clusters were counted. 
 
4.2.4.2.2 Floral visitation in the field 
In December 2008 observations of floral visitors to the native under-vine plants were 
recorded. Those plant treatments with flowers present were observed for one minute with any 
invertebrate showing signs of floral use being recorded. Voucher specimens of visitors were 
taken and later identified in the laboratory. Observations were done by block on a still, sunny 
day between the hours of 10am and 2pm and protocols as set out by the Pollination Biology 
Research Group at Landcare Research were observed concerning observer behaviour and 
clothing (Landcare Research, 2009).  
 
4.2.4.2.3 Shelter provided to predators: Araneae density 
Spiders (Araneae), often the most abundant predators in agro-ecosystems (Turnbull, 1973; 
Wise, 1993) including vineyards (Costello & Daane, 1998), have been shown to be valuable 
mediators of insect pests (Marc et al., 1999; Midega et al., 2008). In vineyards, spiders have 
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been implicated as key predators of pests including leafrollers, mealybugs (Pseudococcus 
longispinus (Targioni-Tozzetti)), scales (Hemiptera: Coccidae) and mites (Acari: 
Eriophyidae) (Thomson & Hoffmann, 2007). Thomson et al. (2007) found that altering the 
groundcover within a vineyard had significant effects upon spider abundances at the ground 
level, confirming the findings of other authors who found the establishment of a groundcover 
or mulch between vine rows was crucial in maintaining spider communities (Costello & 
Daane, 1998; Costello & Daane, 2003; Nobre & Meierrose, 2000). 
The addition of the native plants beneath grapevines then may have similar effects. To 
determine this, the mean abundance of spiders present within each under-vine treatment was 
calculated from samples collected as described in section 6.2.4.1. Spiders in samples collected 
in August 2008, January 2009 and March 2009 were stored in 70% ethanol before being 
identified to Family. Due to non-normally distributed data a generalised linear model with a 
negative binomial error distribution was used for each sampling date to determine if 
significant differences existed between treatments. A general linear mixed model with a 
negative binomial error distribution analysed for differences between sampling dates and date 
by treatment interactions (Genstat 12
th
 Edition). 
 
4.2.4.2.4 Use of native floral resources by natural enemies in the laboratory 
The effect upon natural enemy longevity of the floral resources provided by three of the 
native under-vine plant treatments, including L. dioica, A. inermis „purpurea‟ and M. axillaris 
(pictured in Plate 4.1) was assessed with several laboratory bioassays. It was not possible to 
test all the under-vine plant species due to resource constraints and the limited flowering 
durations of the plants in stock at Lincoln University. However those that were used had 
shown either greatest growth and survival in the field (L. dioica and A. inermis „purpurea‟) or 
had been observed in the field to show relatively high flowering density and visitation by 
natural enemies (M. axillaris).  
 
Plate 4-1 The flowers (L-R) of the native plants A. inermis, L. dioica & M. axillaris 
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Difficulties were encountered in the culturing of Dolichogenidea tasmanica Cameron 
(Hymenoptera: Braconidae), the key vineyard parasitoid attacking leafrollers, and in 
coinciding the flowering of plants with this parasitoids emergence in culture. Consequently an 
alternative wasp, Diadegma semiclausum Hellén (Hymenoptera: Ichneumonidae)  was used. 
This parasitoid was sourced as described in section 2.3.2. It is cautiously suggested that any 
benefits observed for D. semiclausum when provided with floral resources would also be true 
for the smaller parasitoid D. tasmanica. However this should be confirmed with experiments 
utilising D. tasmanica as studies have shown the effects of floral resources to differ with 
parasitoid species (Lavandero et al., 2006). 
Bioassays were also conducted using Cryptolaemus montrouzieri Mulsant (Coleoptera: 
Coccinellidae) as this beetle is a natural enemy of mealybugs (Charles, 1993), a vineyard pest 
which transmits the ampelovirus GLRaV-3 (Charles et al., 2006) causing serious concern to 
New Zealand growers (Bonfiglioli & Hoskins, 2006). Interest in this natural enemy was 
expressed by vineyard managers who had observed what were believed to be C. montrouzieri 
adults on grapevines, posing the question: How might native plants affect this natural enemy? 
Cover crops may play an important part in managing mealybugs and their natural enemies 
(Charles et al., 2006) and so determining the effect of the flowering native plants would be of 
use to practitioners contemplating incorporating the native plants into their vineyard and yet 
concerned with how they may affect mealybug management. 
 
Diadegma semiclausum longevity 
Flowering plants were brought from Lincoln University nursery and assembled in the 
laboratory under a 16:8 L/D photoperiod at 20ºC with a 3ºC range. Due to peak flowering 
timings differing between plant species, only one species was tested at a time, thus for each 
experiment treatments were either a flowering plant or water. Newly emerged (<24hrs) and 
unmated male and female wasps were individually confined to a treatment using an acetate 
cage (130mm in height, 105mm diameter) which had either been placed over the flowering 
plant (flowering plant treatment) or placed on the laboratory bench using a foam plug as a 
base (water only treatment). In this way each wasp was assigned a flowering plant. Cages for 
the flowering plant treatment were sunk into the potting mix around each plant to prevent 
wasps from escaping. A mesh top ensured condensation was kept to a minimum while water 
was supplied in both treatments using a water filled Eppendorf tube within the cage, and a 
moist cotton wick placed on top of the cage. A hole was made in the side of each cage for the 
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introduction of the wasp and was resealed with a foam plug (see Plate 4.2). Survival of male 
and female wasps within each of the six replicates of each treatment was checked daily.  
 
Plate 4-2 Experimental set up for D. semiclausum provided M. axillaris 
 
Cryptolaemus montrouzieri longevity 
Pupae of C. montrouzieri were obtained from Zonda Resources (Appendix 3). The newly 
emerged female beetles (<24hrs) were assigned to one of four treatments including water or 
one of three native flowering plants: L. dioica, A. inermis „purpurea‟, M. axillaris. Due to an 
infestation of aphids (Aphidoidea) and thrips (Thysanoptera) observed on the plant species L. 
dioica and A. inermis „purpurea‟ individual beetles were confined to small cylindrical cages 
which were placed over 3 to 5 inflorescences, which were screened by a hand lens for any 
aphids or thrips, which if present were removed. Each beetle assigned to a flowering plant 
treatment was provided a whole potted plant and was moved around this plant to provide 
fresh inflorescences every day on most occasions and when not, every second or third day. 
Cages consisted of a plastic vial (60mm in height, 10mm diameter) with a mesh top to 
minimise condensation and were supported by a small wooden stake. A foam plug with a slit 
sealed the base of the vial to allow for the insertion of inflorescences for the flowering plant 
treatments. Water was provided to all treatments with a piece of damp cotton wool being 
placed partially over the mesh top of the cages. There were six replicates for each treatment 
and survival was checked daily. 
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The longevity of C. montrouzieri was also tested on the flowering plant buckwheat 
„Katowase‟ (Fagopyrum esculentum (Moench)).  
This was undertaken prior to the native plant bioassays for two reasons: it would provide an 
indication as to whether the longevity of C. montrouzieri was affected by a floral resource and 
so partially justify testing the native plants; flowering buckwheat is currently used by 
growers, making results obtained here of interest to those wishing to enhance populations of 
C. montrouzieri. 
This bioassay consisted of three treatments: water only, buckwheat shoots with inflorescences 
and buckwheat shoots without inflorescences. The buckwheat shoot without inflorescences 
was included to account for any nourishment the beetle may obtain from the plants vegetative 
material. Newly emerged male and female beetles (<24hrs) were individually confined to a 
treatment within cages as described for D. semiclausum, however for plant treatments instead 
of cages being sunk into the potting mix, cages were suspended on wooden stakes to account 
for the height of the inflorescences above the potting mix (200-400mm). Plant material was 
replaced every 1-3 days. Six replicates of each treatment were undertaken with survival 
checked daily.  
Statistical analysis 
Data from each of the experiments was checked for normality and then analysed using either a 
one or two-way ANOVA with least significant differences (LSDs) calculated at P<0.05.. 
Where significant effects were detected pairwise comparison of means used the LSD (5%). 
Analysis utilised Genstat 12
th
 Edition. 
 
4.2.4.2.5 Use of native plants by Epiphyas postvittana: a vineyard pest 
 The potential of the native plants to successfully host or provide resources to E. postvittana 
and as a consequence exacerbate the problem of this pest in vineyards was investigated with 
four laboratory experiments. These assessed the effect of the floral resources of three native 
under-vine plants upon adult E. postvittana and also looked at the feeding preferences and 
larval development of this pest on the under-vine native plants. Buckwheat and grapevine 
material was also incorporated into these bioassays where appropriate to allow for 
comparisons. 
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Epiphyas postvittana adult longevity on under-vine native floral resources 
Newly emerged female E. postvittana were randomly assigned one of six treatments 
including: water, no water: no food, 50/50honey water and three different floral resources; L. 
dioica, A. inermis „purpurea‟ and M. axillaris. Moths were confined to these treatments 
within plastic cages consisting of a cylindrical vial (70mm in height, 15mm diameter) with a 
mesh top. Water was provided to all treatments, except to the „no water: no food‟ treatment, 
using a water filled Eppendorf tube with a cotton wool wick which was attached to the inner-
side of each cage. Water was also provided with a piece of damp cotton wool being placed 
partially over the mesh top of the cages. Six replicates of each treatment were undertaken and 
survival of moths checked daily. 
 
Epiphyas postvittana larval feeding preference 
A simultaneous choice test (Dent & Walton, 1997) for those native under-vine plant species 
tested in the above bioassays (L. dioica, A. inermis „purpurea‟ and M. axillaris) were 
undertaken to determine if E. postvittana larvae displayed any „preference‟ for one native 
plant over another. Grape and buckwheat material were also included in the test to provide 
some comparisons for discussion.  
The choice test consisted of 50 Petri dishes (15mm deep, 120mm diameter) each lined with 
moist filter paper and contained the five plant materials (each < 7cm
2
) randomly placed 
evenly along its perimeter. One newly emerged first instar E. postvittana larvae (Appendix 3) 
was placed in the centre of each dish and then the lid was replaced and sealed with Parafilm to 
prevent the larvae escaping. Petri dishes were then placed under 16:8 L/D photoperiod at 
20ºC±3 for 24 hours before being assessed for larval choice. A choice was determined to have 
been made if the larva was positioned on or under the plant material, thus demonstrating an 
“acceptance” (Singer, 2003) of the plant material. No choice was deemed to have been made 
if larvae were not on or under a specific plant leaf. The choice or “preference” of first-instar 
E. postvittana larvae for the different plant species was compared using a general linear 
regression model with a Bernoulli error distribution. Significant differences were further 
explored using pairwise comparisons (LSD 5%). 
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Epiphyas postvittana larval development 
Two larval development experiments were conducted to investigate the nutritional suitability 
of different plant material for the development of E. postvittana larvae.  
The first experiment consisted of ten treatments which included nine of the native under-vine 
plant species and a treatment of „diet‟, which was included to provide a comparative measure 
for optimum larval development. This substrate has been developed in the laboratory 
especially for E. postvittana culturing (Appendix 3). Native under-vine species not included 
in this bioassay were excluded either because as they had displayed poor growth and survival 
within the field trial and were unlikely to be considered suitable for vineyard deployment (M. 
ephedroides, R. subsericea and D. australe) or because another species within the same genus 
was included in the bioassay (L. squalida and A. inermis).  
Six newly emerged (<24hrs) first-instar larvae (Appendix 3) were placed inside a Petri dish 
(15mm deep, 120mm diameter) which contained one of the ten treatments and were sealed 
with cling film to prevent larvae escaping. Plant treatments consisted of freshly cut plant 
material (sourced from plants kept at Lincoln University shade houses) with shoots inserted 
into an Eppendorf tube filled with water; this allowed material to be left undisturbed for the 
initial seven days after which time material was either refreshed or replenished every 1-3 
days. The diet treatment consisted of cut squares of the substrate on which first instar larvae 
were placed. Six replicates of each treatment was undertaken and arranged in a randomised 
block design under 16:8 L/D photoperiod at 20ºC±3. The number of larvae surviving to each 
development stage (second instar, third instar, final instar, pupation and adult) within each 
Petri dish was recorded as were pupae weights and time taken to reach pupation and adult 
stages. 
The second larval development experiment consisted six replicates of five treatments 
including grape, buckwheat and the three under-vine native plant species L. dioica, A. inermis 
„purpurea‟ and M. axillaris. Conditions and setup followed that as described for the previous 
bioassay. Grape leaf material was sourced from Lincoln University vineyards (cv. Sauvignon 
blanc) which had not received any insecticide application while buckwheat and native plant 
leaf material was sourced from plants maintained at Lincoln University shade houses. 
Grapevine leaf material had not been included in the first bioassay as it was undertaken 
outside the growing season. 
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For both larval development experiments a general linear model with a binomial distribution 
was used to determine the effect of both treatment and development stage upon E. postvittana 
survival. Significant results were further explored using the LSD (5%). 
 
4.2.4.3 Effect of native plants on soil parameters 
Soil health is an important consideration of vineyard management as it directly contributes to 
vine growth and grape quality (Jackson & Schuster, 2002; Reeve et al., 2005) and is seen by 
many to underpin the sustainability of agroecosystems (Altieri, 1999; van Bruggen & 
Semenov, 1999). Continuous plant cover is known to increase the soil organic matter and lead 
to improved soil structure, water infiltration, water holding capacity, nutrient storage capacity 
and microbial density (Bugg & van Horn, 1997; Gulick et al., 1994). Consequently the 
addition of the native plants has the potential to contribute to vineyard sustainability through 
its mediation of soil health. 
Although the under-vine plants had only recently been established in the vineyard it may still 
be possible to identify indications of such soil enhancements occurring.  
The effect of the under-vine plant species upon five soil parameters was evaluated within the 
North Canterbury field site. These included soil moisture, total organic carbon, microbial 
populations, greenhouse gas sequestration and microbial activity. Due to resource, labour and 
time constraints not all species could be assessed for all of these parameters; those plant 
species displaying greatest growth and survival were thus selected for these assessments. Data 
was analysed within Genstat 12
th
 edition using ANOVA with least significant differences 
were calculated at P<0.05. 
 
4.2.4.3.1 Soil moisture 
Cover crops in vineyards have been shown to affect vine growth as well as impact grape 
qualities and yield through their competition for water (Monteiro & Lopes, 2007; Tesic et al., 
2007). Consequently establishing the effect of the native plants upon soil moisture would be 
of interest to vineyard management. 
In December 2008, September 2009 and November 2009 soil samples were collected from 
seven plant treatments including A. inermis „purpurea‟, G. sessiliflorum, H. chathamica, L. 
dioica, M. axillaris, L. angulata and bare earth. Five replicates of each treatment were 
collected by bulking three 50g subsamples from the top 1-5cm of soil beneath the plant or 
  
 82 
bare earth treatment. Soil moisture was then calculated using the gravimetric method (Topp, 
1993). Moist soil samples were weighed and oven dried at 107ºC for 24hrs before reweighing. 
From these measures the mass of water lost as a percentage of the mass of dried soil was 
determined.  
 
4.2.4.3.2 Total soil organic carbon 
In September 2009 soil samples from 1-5cm beneath L. dioica and bare earth treatments were 
collected and sent to Hill Laboratories to compare their total organic carbon levels. Samples 
were taken from the five blocks displaying greatest growth of L. dioica; the species which had 
displayed the highest growth of any of the native plants. This was done to maximise the 
likelihood of an effect upon the soil organic carbon due to the native plant being detected. 
Three soil samples of approximately 50g were collected from each treatment replicate and 
bulked, giving a total of five samples from each of the two treatments.  
 
4.2.4.3.3 Microbial populations 
 Several groups of micro-organisms may provide benefits to grapevines by forming symbiotic 
relationships or free-living associations with the plant (Kohler et al., 2007). Soil bacteria such 
as phosphate solubilising bacteria, cellulolytic bacteria and fluorescent Pseudomonads are all 
known to play a role in promoting plant growth, health and improving their ability to take up 
nutrients. Phosphate solubilising bacteria aid plant uptake of otherwise inaccessible phosphate 
ions (Malboobi et al., 2009; Rodriguez & Fraga, 1999) while cellulolytic bacteria and 
florescent Pseudomonad spp. have been implicated as major causes of fungistasis aiding in 
disease prevention/suppression (Barka et al., 2000; Sturz et al., 1997). As these bacteria 
colonise soil within the rhizosphere (the soil around a plant root which is directly influenced 
by root activity and exudates (Hisinger et al., 2005) we can expect to see their numbers 
increase where the native plant treatments have been established. To test this, a series of 
dilution platings was undertaken to quantify soil microbial populations of native under-vine 
treatments compared to the bare earth treatment.  
Four media including Nutrient Agar (NA), Cellulolytic Bacteria Agar (CBA), King‟s Medium 
B (KB) and Phosphorus Indicative Agar (PIA) (Appendix 4) were used to determine 
populations of total bacteria, cellulolytic bacteria, fluorescent Pseudomonad spp., phosphate 
solubilising bacteria, respectively. Total bacteria counts were included as these can be used to 
give an overall impression of soil health by giving a measure of microbial diversity and 
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abundance (Berg & Smalla, 2009). Treatments sampled included L. dioica, A. inermis 
„purpurea‟ and bare earth. These two native under-vine plant species were selected as they 
had demonstrated greatest growth and thus were more likely to have had an impact upon soil 
microbial populations in the two years since their planting (E. Jones, Lincoln University, pers. 
comm.). In November 2009 three 50 g samples from each treatment replicate were taken from 
the top 1-5 cm of soil beneath the plant or bare earth treatment and bulked. Care was taken to 
sample soil from beyond the initial planting site where potting mix was likely to still be 
present. The five replicate samples from the three different treatments were then returned to 
the laboratory and stored at 4ºC before being processed the following day.  
From the 150 g sample, 10 g of soil from each treatment replicate was placed into 90 mL of 
sterile distilled water (SDW) and mixed with a wrist-action shaker for 10 minutes. After 
standing for 5 minutes a 1 mL supernatant sample (10
-1
) was used to produce serial dilutions 
of 10
-4
, 10
-5
 and 10
-6
/mL by adding the supernatant to vials previously filled with 9 mL SDW. 
Aliquots (100 µl) of the serial dilutions were then pipetted and spread using a sterile hockey 
stick onto three replicate plates each of CBA, KB, PIA and NA media. Plates were incubated 
in darkness at 20ºC. On inspection, the number of colony forming units (CFU) were low, 
consequently only plates with a serial dilution of 10
-4
 were assessed. After three days the 
number of colonies upon NA plates was counted to give a measure of total soil bacteria. After 
seven days the number of colonies upon CBA and KB plates were counted to give a measure 
of cellulolytic and fluorescent Pseudomonad soil bacteria, the latter being identified by 
exposing plates to UV light in which fluorescent Pseudomonad colonies appeared as bright 
luminous green-yellow colonies (King et al., 1954). Ten days after plating, colonies upon the 
PIA media that displayed phosphate solubilising activity, that is, clearing of the media around 
the colony, were also counted. From these the CFU per gram of dry soil was calculated. 
Soil moisture of treatment replicates was also measured as this is known to affect soil 
microbial populations including Pseudomonads (Labeda et al., 1976). This was done using the 
gravimetric method as described by Topp (1993).  
 
4.2.4.3.4 Microbial activity: bait lamina probes and the TTC method 
 To assess the effect of the native under-vine plants upon microbial activity in the vineyard 
two methods were employed: bait lamina probes and the TTC method. 
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Bait lamina probes 
An indication of soil biological activity may be given using bait lamina probes as described 
by Toerne (1990) and Jacometti et al. (2007). These probes (160mm x 6mm x 1mm) were 
rigid plastic strips which had 16 holes, each 2mm in diameter, drilled every 5mm within the 
lower half of the strip. These holes had been filled with a paste consisting of cellulose (65%), 
bentonite (10%), agar (15%) and bran (15%) which is thought to mimic dead plant material in 
the soil. A measure of microbial activity in the soil is given by the number of holes partially 
or completely cleared of the paste, presumably due to soil organisms utilizing this substrate 
(Kratz, 1998; Toerne, 1990). Native plants assessed for microbial activity using bait lamina 
probes included A. inermis, A. inermis „purpurea‟, A. bellidioides, G. sessiliflorum, H. 
chathamica, L. dioica, M. axillaris, L. angulata, R. hookeri and S. uniflorus. Bare earth 
control areas beneath the vines were also assessed. The probes were inserted vertically into 
each treatment (between drip irrigators) within eight of the trial blocks in December 2008. 
After 3 weeks probes were recovered and a record was made of the depth at which bait had 
been removed from the holes of each probe. 
The TTC method 
This method assessed microbial activity using a non-specific enzyme assay that determined 
the dehydrogenase activity in the soil. This method measures the rate of reduction of 
triphenyltetrazolium chloride (TTC) to triphenyl formazan (TPF) (Alef, 1995). Essentially the 
method assumes the greater the rate, the higher the microbial activity is in the soil. Due to 
resource constraints only a selection of the native plant treatments could be assessed, so the 
selection was based on greatest growth, survival and representative taxon.  
In December 2008 soil samples were taken from six native plant species including A. inermis 
„purpurea‟, G. sessiliflorum, H. chathamica, L. dioica, M. axillaris, L. angulata and also from 
bare earth treatment areas. Five replicates of each treatment were collected by bulking three 
50g subsamples from the top 1-5cm of soil beneath the plant or bare earth treatment. Soil was 
returned to the laboratory where it was stored at 4ºC before being processed the following 
day. A portion of each sample was used to determine soil moisture using the gravimetric 
method (Topp, 1993).  
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4.2.4.3.5 Greenhouse gas sequestration by soil bacteria 
Methanotrophic bacteria, occurring in most soils, have the ability to consume methane and 
play a major role in the sequestration of atmospheric methane (Schlesinger, 1997 ). The 
activity of these bacteria may have been affected by the native plants established beneath the 
vines due to increased soil aggregation and root exudates. To ascertain whether the native 
plant treatments had affected the rate of methane sequestration gas samples were taken in 
April 2009 from two treatments; A. inermis „purpurea‟ and bare earth at the North Canterbury 
trial site.  
Following the methodology of Price et al. (2004) methane oxidation rates and nitrous oxide 
fluxes were measured for three replicates of the two treatments using polycarbonate 
cylindrical chambers (1.6 L). (Nitrous oxide was measured as this is also an important GHG). 
These chambers were placed over the treatment and attached to metal rings which had been 
sunk approximately 50 mm into the ground 7 days earlier. An air-tight seal was achieved 
using soft polystyrene tubing which was attached to the metal ring and into which the 
chamber could be pressed using clips. To minimize heating effects in the chamber a reflective 
paint had been applied. Using a 30mL greased glass syringe three 15mL gas samples were 
taken from each treatment at 20 minute intervals, with the first being taken immediately upon 
the chamber becoming sealed over the treatment. The gas samples were injected into pre-
evacuated (100kPa) 6.5mL, septum capped glass vials (Labco Exetainer, High Wycombe, 
Bucks., UK). Samples were returned to Lincoln University the following day where methane 
and nitrous oxide concentrations were determined by semi-automated gas chromatography 
(for full method see Price et al. (2004)). Soil moisture and temperature at each treatment was 
recorded using a hand held soil temperature and water content probes (HydroSense TM VWC 
P12cm Period 1.17ms). Gas fluxes were calculated using the change in concentration of the 
headspace gas 20 minutes after fitting the chamber to its base, taking into account the size of 
the chamber, see Price et al. (2004). 
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4.2.4.4 Weed suppression provided by native plants 
Suppressing weeds directly beneath the vines of vineyards is commonly achieved using 
cultivation in combination with herbicides (Tesic et al., 2007). However due to concerns over 
the negative effects of these practices (Dastgheib & Frampton, 2000) or due to organic 
requirements (Granatstein & Sanchez, 2009) alternative techniques for managing weeds in 
this area are sought. Establishing a groundcover which suppresses weeds and removes the 
need for chemical control is here investigated utilising native New Zealand plants. 
In December 2008 weed suppression of the native ground covering plants was assessed by 
placing a 0.2m
2
 quadrat over the different treatments in areas where the native plant covered a 
continuous piece of ground. This was done within five blocks of the trial in which no weed 
control had been undertaken for three months. A record was made of the percent cover 
present of native plant and weedy vegetation. Consequently this provided a measure of the 
degree to which weeds were able to penetrate through the native groundcover. Depending on 
the extent, weed penetration is likely to be unacceptable to growers as it would require labour 
intensive hand weeding to be undertaken. Treatments assessed included A. inermis, A. inermis 
„purpurea‟ , A. bellidioides, G. sessiliflorum, H. chathamica, L. dioica, L. squalida, M. 
axillaris, L. angulata, R. hookeri, S. uniflorus and a bare earth treatment areas. Native plant 
treatments D. australe, M. ephedroides and R. subsericea were not assessed due to their poor 
condition, growth and survival (see section 6.3.1). A one-way analysis of variance (ANOVA) 
test was used (Genstat 12
th
 Ed.) to determine if significant differences between treatments 
existed, LSD were calculated at P < 0.05. 
 
 
4.3 Results 
4.3.1 Growth and survival 
Rather than a rate, growth here indicates the change in area between assessment dates. 
Significant differences in growth between plant species was found for measurements taken at 
6 months (F13, 117 = 12.52, P<0.001) and 12 months after planting (F13, 117 = 11.13, P<0.001) 
(Table 4.2).  
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Table 4-2 Mean growth (cm
2
) of native plant species beneath grapevines 6 and 12 
months after planting. Plants are ordered from highest to lowest growth at 12 
months. 
Native plant 6 months 12 months 
   
L. dioica  0.24
a
 0.38
a
 
A. inermis „purpurea‟ 0.28bc 0.34a 
L. angulata 0.30
b
 0.22
b
 
L. squalida  0.10
efg
 0.20
b
 
G. sessiliflorum 0.10
defg
 0.16
b
 
M. axillaris 0.20
bcd
 0.15
bc
 
H. chathamica 0.19
def
 0.14
bc
 
R. hookeri  0.13
def
 0.13
bc
 
S. uniflorus 0.06
fgh
 0.13
bc
 
A. inermis  0.07
fgd
 0.12
bcd
 
A. bellidioides 0.06
fgh
 0.04
cde
 
M. ephedrioides 0.03
gh
 0.00
de
 
R. subsericea -0.03
h
 0.00
ef
 
D. australe  0.44
a
 0.00
f
 
abc
Mean values within a sampling date which share letters are not significantly different from 
one another (Fishers Protected LSD (5%)). 
 
Leptinella dioica and A. inermis „purpurea‟ (pictured in Plate 4.1) showed greatest growth 
after 12months while A. bellidioides, M. ephedroides, R. subsericea and D. australe displayed 
little or no growth after 12 months. Disphyma australe recorded high growth after 6 months 
however by 12 months winter frost had reduced this plants survival to 0%. Frost, dry 
conditions and browsing by rabbit (Leporidae spp.) are likely factors explaining the reduced 
growth recorded by some plant species between the 6 and 12 month assessments. The growth 
of A. inermis and A. inermis „purpurea‟ (a cultivar of the former) would be expected to show 
similar growth. The significant difference in growth observed is likely explained by the 
poorer quality of sourced plant material for A. inermis. This demonstrates that the 
performance of these plants will be determined not only by species specific traits but also by 
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the quality of the material sourced. Apart from A. inermis all other plant material appeared to 
be in good condition at planting. 
Analysis of survival data using a general linear model with a Bernoulli error distribution 
revealed a significant effect of treatment (F12,117 = 6.04, P<0.001 (With D. australe removed 
from analysis). At 12 months the recorded survival of the native plant species was high with 
ten of the fourteen treatments recording greater than 90% survival (Figure 4.2). M. 
ephedroides, A. inermis and R. subsericea displayed lower survival rates of 80%, 60% and 
60% respectively while no surviving D. australe plants remained after 12 months. After 24 
months survival remained high (>80%) for M. axillaris, L. dioica, R. hookeri, A. inermis 
„purpurea‟ and G. sessiliflorum while survival of other plant species was reduced. 
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Figure 4-2 Survival of under-vine native plant species after 12 and 24 months. 
 
A simple linear regression found that growth was significantly correlated to survival (at 12 
months: r
2 
= 0.32, P<0.05, see Appendix 5), supporting later decisions to utilise growth as the 
variable upon which to select plants for further analysis (laboratory bioassays) within this 
study, since resources limited the number of treatments able to be assessed. 
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Plate 4-3 A. inermis ‘purpurea’ Hook. f. (Rosaceae) growing beneath grapevines 
 
4.3.2 Ecosystem services of native plants beneath grapevines 
4.3.2.1 Conservation of biodiversity: Shannon diversity indices 
 At all sampling dates there was a significant effect of treatment upon arthropod diversity with 
greater abundance observed in summer sampling months than in winter. 
 
August 2008 sampling 
A total of 264 invertebrates from 11 taxa were collected including Araneae (72 individuals), 
Diplopoda (54), Diptera (37), Psocoptera (33), Hymenoptera (27), Hemiptera (20), Coleoptera 
(14), Neuroptera (3), Chillopoda (2), Acarina (1) and Pulmonata (1). For diversity there were 
significant treatment effects (H15 = 44.09, P<0.001) (Figure 4.3 (a)). The native plant 
treatments G. sessiliflorum, H. chathamica, A. bellidioides and A. inermis „purpurea‟ as a 
group had higher invertebrate diversity than that of other plant treatments, bare earth or rye 
grass inter-row treatments. G. sessiliflorum had the highest invertebrate diversity, which along 
with H. chathamica and A. bellidioides had a significantly higher diversity index than the bare 
earth or rye grass inter-row treatments.  
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January 2009 sampling 
A total of 1, 919 invertebrates from 14 taxa were collected during the January sampling. In 
order of abundance these included Hemiptera (1406 individuals, 1379 being Miridae), 
Coleoptera (155), Formicidae (125), Araneae (79), Diptera (70), Hymenoptera (parasitic 
wasps) (26), Acarina (24), Diplopoda (23), Psocoptera (10), Opelionid (6), Lepidoptera (5), 
Aphididae (5), Orthoptera (3) and Chillopoda (1). Significant effects of treatment were found 
(H12 = 52.79, P<0.001) (Figure 4.3(b)). Native plant treatments showing higher diversity than 
either the rye grass inter-row or the bare earth treatments included M. axillaris, G. 
sessiliflorum, A. bellidioides, L. dioica, L. squalida, L. angulata and A. inermis.  
 
March 2009 sampling 
A total of 950 invertebrates from 12 taxa were collected during the March sampling. In order 
of abundance these included Hemiptera (530 individuals, 497 being Miridae), Araneae (124), 
Coleoptera (118), Diptera (81), Formicidae (50), Hymenoptera (parasitic wasps) (15), 
Psocoptera (15), Lepidoptera (8), Acarina (4), Aphididae (2), Diplopoda (2) and Orthoptera 
(1). ) As for other sampling dates there was a significant effect of treatment upon diversity 
(H12 = 53.38, P<0.001) (Figure 4.3(c)). Only M. axillaris and G. sessiliflorum showed greater 
diversity than the rye grass inter-row, while these and A. inermis „purpurea‟, L. angulata, H. 
chathamica and A. inermis had higher diversity indices than the bare earth treatment. 
 
Plant structure may partially account for the differences observed in invertebrate diversity. 
Table 4.3 provides information on structural characteristics of each native plant species 
utilised within the field trial. These properties may have also influenced the sampling effort in 
that certain structures may have either increased or restricted invertebrate catch numbers. The 
compact mat structure of R. hookeri, R. subsericea and S. uniflorus likely do not provide 
suitable shelter to larger invertebrates and this could be supported by the above findings, 
although, sampling from these plants without disturbing invertebrates was difficult and may 
have resulted in catch numbers underestimating invertebrate diversity. Catch numbers may 
also be underestimated for plants with overlapping leaves which could have prevented 
invertebrates from being extracted.   
 
 
  
 91 
(a) August 2008 
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(b) January 2009 
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c) March 2009 
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Figure 4-3 Mean (±SE) Shannon diversity index values of under-vine treatments at three 
sampling dates. Treatments which share letters do not significantly differ 
using a Tukey-type test α=0.05. Treatments not sampled indicated by ‘ns’. 
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Table 4-3 Structural properties of native ground cover plant species 
 
Plant species 
 
Form and approx. 
maximum height 
 
Leaf 
description* 
Leaf 
overlap  
Y/N 
Leaf litter 
accumulation  
Y/N 
Leaf area (m
2
) 
in Vortis 
sample 
(0.04m
2
) 
A.inermis Prostrate creeping 
(5cm) 
Clustered 
leaves 
Y Y 0.32 
A.inermis 
„purpurea‟  
Prostrate creeping 
(5cm) 
Clustered 
leaves 
Y Y 0.33 
A. bellidioides  Prostrate clumping 
(10cm) 
Clustered 
leaves 
Y Y 0.43 
D. australe  Prostrate creeping 
(5cm) 
Leaves 3-
angled 
N Y 0.09 
G. sessiliflorum  Clumping  
(15cm) 
Leaves 
orbicular 
Y Y 0.04 
H. chathamica  Prostrate creeping 
(10cm) 
Clustered 
leaves 
Y Y 0.2 
L. dioica  Prostrate creeping 
(4cm) 
Leaves 
suborbicular 
Y Y 0.27 
L. squalida Prostrate creeping 
(4cm) 
Leaves 
suborbicular 
Y Y 0.15 
L. angulata Prostrate creeping 
(2cm) 
Leaves 
slender, 
interlaced 
Y Y 0.15 
M. axillaris Prostrate creeping 
(5cm) 
Leaves 
narrow, linear 
Y Y 0.16 
M. ephedroides Prostrate creeping 
(2cm) 
Leaves 
narrow, linear 
N N 0.01 
R. hookeri  Prostrate creeping 
(2cm) 
Compact mat N N n/a 
R. subsericea  Prostrate creeping 
(2cm) 
Compact mat N N n/a 
S. uniflorus  Prostrate creeping 
(2cm) 
Compact mat N N n/a 
*Descriptions sourced from NZPCN: http://www.nzpcn.org.nz 
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Further analysis of data using a general linear mixed model with a negative binomial 
distribution indicated diversity differed with sampling date (F2,341=7.55, P<0.001), with 
summer months showing higher diversity than winter. A significant interaction between 
sampling date and treatment for diversity was also apparent (F24,341=2.44, P<0.001). This 
interaction may be due to plant characteristics altering over the sampling dates. Leaf density is 
likely to have fluctuated for some plant treatments more than others. For instance fluctuations 
in diversity recorded for M. axillaris between sampling dates may be due to its deciduous 
nature whereby its leafless structure provided little shelter for invertebrates over winter. 
Flowering durations (Table 4.4) may also have influenced diversity; indeed an unbalanced 
ANOVA revealed that those species flowering in March recorded a significantly higher 
invertebrate diversity as a group than those not flowering at this time (F1,9=7.9, P=0.02).  
 
4.3.2.2 Enhancement of conservation biological control 
 
4.3.2.2.1 Floral densities and duration 
Table 4.4 presents the observed flowering densities and duration of the under-vine plant 
species. Flowering density, measured by the number of open flowers within a 0.2m
2
 quadrat, 
was greatest for H. chathamica followed by M. axillaris and A. inermis „purpurea‟. 
Intermediate flowering density was recorded for Leptinella spp. and A. bellidioides while A. 
inermis and M. ephedroides displayed relatively low flowering densities.  
Flowering durations in the shade house roughly correlated to those observed in the vineyard, 
with longer shade house durations likely explained by the more moderate conditions 
experienced by plants within these facilities. Geranium sessiliflorum, H. chathamica, L. 
angulata and M. axillaris flowered for 5 to 7 months in the vineyard, while 2 to 4 months of 
flowering was observed for all other species.  
These densities and durations together give some comparative indication of the quantity of a 
floral resource (nectar and pollen) one plant species may provide natural enemies compared to 
another.  
Timing of the floral resource provision differed between native plant species. All plant 
species began flowering in spring (October/November) and continued into January or 
February, however those of longer duration maintained flowers into March and April, 
although not in high densities. This extended flowering duration will have implications for 
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synchronising flowering with both natural enemy presence and need as well as pest pressure; 
important factors in optimising floral resource provision (Landis et al., 2000; Wäckers, 2005).  
 
Table 4-4 Observed flowering densities and duration of native plants 
Plant species 
Observed flowering 
densities (0.2m
2
) in vineyard 
January‟09    March‟09 
 
Peak 
bloom 
Vineyard 
flowering 
duration 
Shade 
house 
flowering 
duration 
     
A. inermis „purpurea‟ 57±11 n/a Nov Oct-Jan Oct-Dec 
A. inermis  6±1 n/a Nov Oct-Jan Oct-Dec 
A. bellidioides 23±7* n/a Nov Oct-Dec Oct-Nov 
D. australe n/a n/a Feb n/a Jan-Dec 
G. sessiliflorum 10±2 6±2 Jan Nov-Mar Oct-Mar 
H. chathamica 186±12 143±11 Jan Nov-Mar Nov-Mar 
L. dioica  26±9 n/a Dec Nov-Jan Sept-Jan 
L. squalida  25±3 n/a Dec Nov-Jan Sept-Jan 
L. angulata 17±3 6±2 Jan Nov-April Oct-April 
M. axillaris 100±28 23±6 Dec Nov-April Oct-April 
M. ephedroides 2±1 n/a Nov Oct-Jan Nov-June 
R. hookeri  13±1 n/a Dec Nov-Feb Nov-Jan 
R. subsericea 5±1 n/a Dec Nov-Feb Nov-Jan 
S. uniflorus Indeterminate n/a Dec Nov-Jan  Oct-Dec 
*Flowers of A. bellidioides were senescing. 
 
Of interest the flowering density of buckwheat (measured similarly at the same site in an 
adjacent vineyard block) was 384±10 inflorescences (quadrat 0.2m
2
). The flowering duration 
of this annual is approximately 3 to 4 weeks, however, repeat sowings and topping can cause 
continuous flowering to occur from December to April. Clearly this non-native plant has the 
potential to present a far higher quantity of floral resources than the native plant species and 
this is considered in the discussion. 
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4.3.2.2.2 Floral visitation in the field 
During flowering observations in December 2008, eight different invertebrate taxa were 
observed utilising the floral resources of the native plant species beneath the grapevines 
(Table 4.5). Notably Braconid parasitoids were found foraging on flowers of L. angulata and 
M. axillaris; which also had the highest number of visitors. These visitors including Cotesia 
ruficrus Haliday (Hymenoptera: Braconidae) and two other species, likely to be 
Dolichogenidea sp. or Glyptapanteles sp. (Jo Berry, Landcare Research, pers. comm., 2009), 
are capable of parasitizing leafroller pests (Wearing et al., 1991). Other visitors included the 
hoverfly Melangyna novae-zealandiae Macquart (Diptera: Syrphidae); acknowledged within 
agroecosystems as important pollinators and natural enemies of pests, and Apis melifera L. 
(Hymenoptera: Apidae) and Lasioglossum sp.; also both important pollinators.  
Table 4-5 Observed floral visitors to under-vine native plants December 2008 
Plant species Observed floral visitors 
A. inermis 
„purpurea‟ 
Chloropidae sp.(Diptera); Miridae sp.(Hemiptera)  
A. inermis  Chloropidae sp.(Diptera); Muscidae sp.(Diptera); Miridae sp. 
(Hemiptera)  
A. bellidioides Apis melifera L. (Hymenoptera: Apidae), Muscidae sp.(Diptera)  
D. australe n/a (0% survival at time of assessment) 
G. 
sessiliflorum 
Chloropidae sp.(Diptera); Melangyna novae-zealandiae (Diptera: 
Syrphidae); Psyllidae (Hemiptera) 
H. chathamica Psyllidae (Hemiptera); Miridae sp.(Hemiptera) 
L. dioica  Chloropidae sp.(Diptera); Psyllidae (Hemiptera) 
L. squalida  No visitors observed 
L. angulata Cotesia ruficrus (Hymenoptera: Braconidae); Braconid spp. 
(Hymenoptera: Likely Dolichogenidea sp. or Glyptapanteles sp. (J. 
Berry pers. comm.); Miridae sp. (Hemiptera); Chloropidae 
sp.(Diptera); Lasioglossum sp.(Hymenoptera: Apoidea) 
M. axillaris Cotesia ruficrus (Hymenoptera: Braconidae); Braconid spp. 
(Hymenoptera: Likely Dolichogenidea sp. or Glyptapanteles sp. (J. 
Berry pers. comm.); Miridae sp. (Hemiptera) 
M. ephedroides No visitors observed 
R. hookeri  No visitors observed 
R. subsericea No visitors observed 
S. uniflorus Miridae sp.(Hemiptera) 
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4.3.2.2.3 Shelter provided to predators: Araneae density 
A significant effect of treatment on spider density was found for all sampling dates with 
highest spider abundance observed in March. Further analysis revealed no significant 
interaction between sampling date and treatment (F 25,279=0.61, P=0.93). A simple linear 
regression revealed that spider density was significantly correlated to arthropod diversity at 
August and March sampling dates (Appendix 6), indicating spider density was driving the 
observed diversity reported in section 4.2.4.1. 
Both G. sessiliflorum and H. chathamica consistently recorded higher densities of spiders 
than the rye grass inter-row or bare earth treatments, while A. inermis, A. inermis „purpurea‟, 
A. bellidioides, L. angulata, M. axillaris and R. hookeri all also showed higher spider 
densities than these treatments at either one or two of the sampling dates. Those plant species 
showing no difference from bare earth or inter-row treatments at any of the sampling dates 
included D. australe, L. dioica, L. squalida, M. ephedroides, R. subsericea and S. uniflorus. 
Spider families represented in samples included both web building and wandering/hunting 
spiders. Web builders included members of Theridiidae (Sundervall), Linyphiidae 
(Blackwall), Agelenidae (Koch) and Amaurobiidae (Thorell) families. Theridiids and 
Linyphiids are known as good dispersers through ballooning and consequently are widespread 
within New Zealand (Paquin et al., 2010 ). Spiders from the Agelenidae and Amaurobiidae 
families are both sheet web builders and so do not disperse as rapidly as Theridiids or 
Linyphiids (Uetz 1999). Most Agelenidae in New Zealand are endemic, while the distribution 
of Amaurobiidae spiders in New Zealand indicate those sampled here would be Poaka 
graminicola (Paquin et al. 2010). Wandering/hunting spider families represented in the 
samplings included Oxyopidae (Thorell), Salticidae (Blackwall), Gnaphosidae (Pocock), 
Clubonidae (Wagner) and Pisauridae (Simon). Current taxonomic knowledge of oxyopids in 
New Zealand would indicate those sampled here were oxyopes gracilipes (Vink & Sirvid, 
1998 ). Oxyopids have shown resistance to insecticides and are tolerant of disturbance 
(Cardenas et al., 2006; Young & Lockley, 1985); this may explain its higher abundance than 
other wandering/hunters families in the samplings. Spiders of both Salticidae and Pisauridae 
are diurnal hunters, either stalking or ambushing prey (Uetz et al., 1999). Only the endemic 
Dolomedes genus for Pisauridae is known in New Zealand while its known distribution 
makes those sampled here most likely to be Dolomedes minor (Paquin et al., 2010 ). Members 
of Gnaphosidae and Clubonidae are both hunting spiders which hunt on the ground and within 
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foliage (Uetz et al., 1999) making it likely that these spiders are capable of hunting both on 
the vineyard floor and within the vine canopy.  
 
August 2008 sampling 
A total of 72 individuals were sampled from the 16 under-vine treatments. Analysis revealed a 
significant effect of treatment upon the abundance of Araneae (
2
15X =26.36; P=0.034). 
Significantly more Araneae were found within plant treatments G. sessiliflorum, H. 
chathamica and M. axillaris compared to bare earth, while G. sessiliflorum, H. chathamica 
treatments also displayed greater spider abundances than the rye grass inter-rows (Table 4.6). 
Predominantly individuals belonged to Theridiidae or Linyphiidae families, other families 
represented included Oxyopidae, Salticidae, Gnaphosidae, Clubonidae, Pisauridae and 
Agelenidae (Table 4.7). 
January 2009 sampling 
A total of 79 individuals were sampled from 13 under-vine treatments. M. ephedroides, R. 
subsericea and D. australe were not sampled due to the poor growth and survival of these 
species. Analysis revealed a significant effect of treatment upon the abundance of Araneae 
(X
2
12=22.78; P=0.03). Significantly more Araneae were found within plant treatments G. 
sessiliflorum, H. chathamica and L. angulata compared to bare earth, while no plant 
treatments displayed greater spider abundances than the rye grass inter-rows (Table 4.6). Most 
individuals belonged to the Linyphiidae family while other families represented included 
Oxyopidae, Theriididae, Amaurobiidae (Thorell) and Gnaphosidae (Table 4.7). 
March 2009 sampling 
A total of 124 individuals were sampled from 13 under-vine treatments. Analysis again 
revealed a significant effect of treatment upon the abundance of Araneae (X
2
12=36.12; 
P<0.001). Compared to the bare earth treatment, in which no spiders were sampled, 
significantly more Araneae were found within plant treatments G. sessiliflorum, H. 
chathamica, A. inermis „purpurea‟, M. axillaris, A. bellidioides, L. angulata, A. inermis and 
R. hookeri. Compared to the rye grass inter-row significantly more spiders were evident 
within the treatments G. sessiliflorum, H. chathamica, A. inermis „purpurea‟ and M. axillaris 
(Table 4.6). Most individuals again belonged to the Linyphiidae family, accompanied by a 
significant number of Oxyopidae. Other families represented included Theriididae, Salticidae 
and Amaurobiidae (Table 4.7). 
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Table 4-6 Density of spiders (Mean (±) SE / 0.04m
2
) in different under-vine treatments 
at three sampling dates. 
Under-vine treatment 
Sampling date¹ 
August'08 January'09 March'09 
    
A. inermis 0.2±0.13 0.6±0.31 0.7±0.28* 
A. inermis „purpurea‟ 0.6±0.4 0.4±0.24 1.8±0.59*† 
A. bellidioides 0.7±0.3 0.7±0.35 0.9±0.34* 
D. australe 0.4±0.22 ns ns 
G. sessiliflorum 2.2±0.6*† 1.5±0.61* 3.3±1.03*† 
H. chathamica 1.5±0.27*† 1.8±0.71* 2.8±0.88*† 
L. dioica 0.3±0.15 0.0002±0.00 0.2±0.13 
L. squalida 0.1±0.1 0.4±0.24 0±001 
L. angulata 0±0 1.3±0.55* 0.8±0.31* 
M. axillaris 0.8±0.42* 0.3±0.20 1.2±0.42*† 
M. ephedroides 0±0 ns ns 
R. hookeri 0±0 0.3±0.20 0.5±0.22* 
R. subsericea 0±0 ns ns 
S. uniflorus 0.1±0.1 0.1±0.10 0±001 
Rye grass inter-row 0.1±0.1 0.4±0.24 0.2±0.13 
Bare earth 0±0 0.1±0.10 0±001 
* significantly different from bare earth treatment (P<0.05) 
† significantly different from rye grass inter-row treatment (P<0.05) 
ns = treatment not sampled  
¹A general linear mixed model analysis revealed no sampling date by treatment 
effect (F25,279=0.61, P>0.05). 
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Table 4-7 Spider families from different under-vine treatments sampled in August’08, 
January’09 and March’09 (pooled across all trial blocks). ns = treatment not 
sampled, T = totals. 
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T       
August'08 
Theridiidae 
 
0 
 
0 
 
3 
 
0 
 
1 
 
0 
 
9 
 
1 
 
0 
 
0 
 
1 
 
0 
 
0 
 
0 
 
0 
 
0 
 
15 
Gnaphosidae 0 0 0 1 0 0 0 0 0 0 0 4 0 0 0 0 5 
Clubionidae 0 0 0 0 1 3 0 0 0 0 0 0 0 0 0 0 4 
Linyphiidae 0 0 0 0 2 0 3 3 0 0 1 1 0 0 0 0 10 
Pisauridae 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 
Salticidae 0 0 0 0 1 0 6 1 0 0 0 0 0 0 0 0 8 
Agelenidae 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 
Oxyopidae 0 0 0 0 0 0 0 5 0 0 0 1 0 0 0 0 6 
Amaurobiidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Immatures 1 0 4 1 1 1 4 5 0 1 1 2 0 0 0 1 22 
Total 1 0 7 2 6 5 23 15 0 1 3 8 0 0 0 1 72 
  
January'09 
 
Theridiidae 1 0 1 0 1 ns 1 0 2 1 0 0 ns 0 ns 0 7 
Gnaphosidae 0 0 0 0 0 ns 0 0 1 0 0 0 ns 0 ns 0 1 
Clubionidae 0 0 0 0 0 ns 0 0 0 0 0 0 ns 0 ns 0 0 
Linyphiidae 0 1 1 3 1 ns 7 8 3 1 0 1 ns 1 ns 0 27 
Pisauridae 0 0 0 0 0 ns 0 0 0 0 0 0 ns 0 ns 0 0 
Salticidae 0 0 0 0 0 ns 0 0 0 0 0 0 ns 0 ns 0 0 
Agelenidae 0 0 0 0 0 ns 0 0 0 0 0 0 ns 0 ns 0 0 
Oxyopidae 0 0 0 0 0 ns 2 3 2 1 0 1 ns 0 ns 0 9 
Amaurobiidae 0 0 0 0 0 ns 0 0 0 0 0 1 ns 0 ns 0 1 
Immatures 3 0 2 3 5 ns 5 7 5 1 0 0 ns 2 ns 1 34 
Total 4 1 4 6 7 ns 15 18 13 4 0 3 ns 3 ns 1 79 
  
March'09 
 
Theridiidae 0 0 1 0 0 ns 7 0 0 0 0 0 ns 0 ns 0 8 
Gnaphosidae 0 0 0 0 0 ns 0 0 0 0 0 0 ns 0 ns 0 0 
Clubionidae 0 0 0 0 0 ns 0 0 0 0 0 0 ns 0 ns 0 0 
Linyphiidae 0 0 3 5 5 ns 12 14 4 0 0 9 ns 0 ns 0 52 
Pisauridae 0 0 0 0 0 ns 0 0 0 0 0 0 ns 0 ns 0 0 
Salticidae 0 0 0 0 0 ns 1 0 0 0 0 0 ns 0 ns 0 1 
Agelenidae 0 0 0 0 0 ns 0 0 0 0 0 0 ns 0 ns 0 0 
Oxyopidae 1 0 0 0 0 ns 3 9 1 0 1 3 ns 0 ns 0 18 
Amaurobiidae 0 0 1 0 0 ns 0 0 0 0 0 0 ns 0 ns 0 1 
Immatures 1 0 13 2 4 ns 10 5 3 0 1 0 ns 5 ns 0 44 
Total 2 0 18 7 9 ns 33 28 8 0 2 12 ns 5 ns 0 124 
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4.3.2.2.4 Use of floral resources by natural enemies in the laboratory 
 
Diadegma semiclausum longevity 
When provided with the treatments water-only or A. inermis „purpurea‟ a significant effect of 
treatment upon the lifespan of D. semiclausum was evident (F1,15=8.83; P<0.01) (Figure 4.4 
(a)). Male and female longevity did not significantly differ from one another (F1,15=0.47; 
P=0.503) while there was no interaction between treatment and sex (F1,15=0.47; P=0.503). 
Upon A. inermis „purpurea‟ mean (±SE) female longevity was 3.8±0.6 days, with a range of 
2-6 days; mean (±SE) male longevity was 3.3±0.3 days, with a range of 3-6 days. 
Due to an aphid infestation it was necessary to confine D. semiclausum to flowers which had 
been screened for aphids. This required the wasp to be confined to smaller cages (60mm in 
height, 10mm diameter with a mesh top) which was then moved around the flowering plant to 
provide fresh flowers each day. This meant each wasp had access to a very limited number of 
flowers (3 to 5) each day and is likely to have significantly reduced the potential longevity 
displayed by D. semiclausum when provided with this floral resource. 
A two-way ANOVA revealed D. semiclausum longevity was significantly affected by 
treatment when either water-only or M. axillaris treatments were provided (F1,13=206.75; 
P<0.001), with wasp longevity enhanced by the floral resource compared to water (Figure 4.4 
(b)). There was a significant effect of sex (F1,13=15.09; P=0.002) as well as an interaction 
between treatment and sex (F1,13=15.51; P=0.002) where by male wasps lived significantly 
longer than female wasps upon  the floral resource. Upon M. axillaris mean (±SE) female 
longevity was 6.6±0.7 days, with a range of 5-8 days; mean (±SE) male longevity was 
9.8±0.4 days, with a range of 9-11 days. 
Due to flowering plant shortages it was only possible to provide the floral resources of L. 
dioica to female D. semiclausum.  A one-way ANOVA revealed a significant effect of 
treatment upon wasp longevity (P<0.001) with L. dioica enhancing wasp longevity compared 
to water (Figure 4.4 (c)). Mean (±SE) longevity upon L. dioica was 5.7±0.3 days with a range 
of 5-7 days. 
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Figure 4-4 Mean (±SE) longevity of D. semiclausum provided with either water or a 
native floral resource including (a) A. inermis ‘purpurea’: Interaction LSD 
(5%) = 1.10 (indicated in graph by ‘A’). (b) M. axillaris: Interaction LSD 
(5%) = 1.34  or (c) L. dioica: Female parasitoid only. Significant differences 
between treatments are indicated using different letters. 
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Cryptolaemus montrouzieri longevity 
The longevity of C. montrouzieri was significantly enhanced when provided with buckwheat 
flowers compared to treatments without flowers (water only, water+leaf) (P<0.001) while no 
effect of sex (P=0.77) or interaction between sex and treatment was evident (P = 0.90) (Figure 
4.5). This confirmed that the longevity of C. montrouzieri can be affected by floral resources 
and provides a comparison of longevities observed for this beetle when provided native plant 
flowers in the following experiment.  
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Figure 4-5 Mean (±SE) longevity of female and male C. montrouzieri with different 
treatments. Treatment LSD (5%) = 3.71 (indicated in graph by ‘A’). 
 
When provided with either water or one of the three native floral resources a significant effect 
of treatment upon longevity was observed (F3,19=225.47; P<0.001). Compared to the water 
treatment, female C. montrouzieri longevity was significantly enhanced when provided with 
the floral resources of M. axillaris and L. dioica while A. inermis „purpurea‟ did not 
significantly enhance this species longevity compared to water (Figure 4.6). Mean (±SE) 
longevity (days) of C. montrouzieri upon water, A. inermis „purpurea‟, M. axillaris and L. 
dioica was 10.2±1.0, 13.8±1.2, 16.7±1.1 and 25.4±3.3 respectively.  
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Figure 4-6 Mean (±SE) longevity of female C. montrouzieri with different treatments. 
Significant differences between treatments are indicated using different 
letters (P < 0.001). 
4.3.2.2.5 Use of floral resources by adult E. postvittana 
There were significant differences in the longevity of E. postvittana between the different 
treatments (P< 0.05). Compared to water adult moth longevity was not effected by the three 
native plant treatments, however, longevity was significantly reduced in „honey/water‟ and 
„no water, no food‟ treatments (Figure 4.7). The reduced longevity of E. postvittana with the 
honey/water treatment is surprising considering past work with this pest has shown longevity 
to be enhanced by this treatment (Gu and Danthanarayana 1990; Irvin et al. 2006). It is 
possible that the honey utilised in this experiment was contaminated, causing physiological 
damage to the moth, although no fungal contamination was evident.   
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Figure 4-7 Mean (±SE) longevity of adult female E. postvittana with different treatments. 
Significant differences between treatments are indicated using different 
letters (P < 0.05).   
  
 104 
 
4.3.2.2.6 Epiphyas postvittana larval feeding preference 
There were significant differences in the treatments preferred by first-instar E. postvittana 
larvae (P<0.001), with significantly more larvae preferring grape leaf material to those of the 
other five treatment choices (Figure 4.8). Larvae preferred buckwheat leaves to those of A. 
inermis „purpurea‟ or M. axillaris while preference for buckwheat and L. dioica did not 
significantly differ. 
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Figure 4-8 The proportion of larvae that preferred each treatment within a six-way test 
arena. Significant differences are indicated with different letters (LSD 5%). 
 
4.3.2.2.7 Epiphyas postvittana larval development 
  
Experiment 1 
There was a significant effect of both treatment (P<0.001) and stage (P<0.001) upon leafroller 
survival while no significant interaction between treatment and stage was evident (P=0.99) 
(Figure 4.9). Survival of E. postvittana across all stages was highest upon the laboratory 
formula diet, which significantly differed from all other treatments, suggesting the native 
plants provide far from optimal nutrition to leafrollers. Survival on native plant species was 
highest with A. inermis „purpurea‟ followed by G. sessiliflorum, L. angulata, R. hookeri, L. 
dioica, M. axillaris, S. uniflorus, A. bellidioides and H. chathamica. Survival of E. postvittana 
dropped significantly at each development stage except between pupation and adult stages 
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which did not significantly differ (P>0.05). Most notably development from first to second 
instar witnessed the greatest reduction in E. postvittana survival with over 60% of larvae 
failing to survive to the second instar stage. This early mortality of E. postvittana larvae is 
consistent with the current understanding of leafroller bionomics where estimates of 90% 
failure rates for first instar larvae are proposed (Wearing et al., 1991). Clearly this rate has 
been moderated by the controlled laboratory conditions, removing weather events and 
predation that would otherwise increase mortality (HortNet, 2000). This indicates that finding 
a suitable host is an important factor of leafroller survival. 
Table 4.8 provides an overview of the mean proportions of E. postvittana surviving within 
each treatment and indicates which treatments significantly differ from one another.  
 
Figure 4-9 Mean proportion of E. postvittana larvae surviving at each development 
 stage (Experiment 1). 
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Table 4-8 Predicted means (proportion) for main effect of treatment upon E.postvittana 
survival across all stages of development during experiment 1. Significant 
differences are indicated with different letters (LSD 5%). 
Treatment Mean (±SE) survival  
  
Diet 0.81±0.02
a
 
A. .inermis  „purpurea‟ 0.5±0.03b 
G. sessiliflorum 0.42±0.03
c
 
L. angulata 0.36±0.02c
d
 
R. hookeri 0.33±0.02d
e
 
L. dioica 0.3±0.02
e
 
M. axillaris 0.3±0.02
e
 
S. uniflorus 0.29±0.02
e
 
A. bellidioides 0.22±0.02
f
 
H. chathamica 0.17±0.00
g
 
 
Analysis of data recorded for pupal weight, time to reach pupation, adult weight and time to 
adult emergence revealed some significant differences for the factors of treatment and sex 
(Table 4.9). In analysing for treatment effects mean values were calculated for each petri dish 
and adjusted for the effect of sex (there was an unbalanced number of male and female data 
for each treatment) before data was subjected to an ANOVA. There was a significant effect of 
sex on the weight of pupae (F1,24=71.7, P<0.001) but not of treatment (F8,14=2.43) while time 
taken to pupation did not significantly differ with either sex (F1,24=0.07) or treatment 
(F8,14=1.89). Similarly, the time taken to reach adult emergence did not differ with sex  
(F1,18=0.11) or treatment (F8,10=1.05) however the weights of adult E. postvittana did 
significantly differ with both sex  (F1,18=177.05, P<0.001) and treatment (F8,10=4.38, P<0.05) 
(Table 4.10). The differences between male and female weights are consistent with the 
pronounced sexual dimorphism observed in this species (Bradley et al. 1973). The differences 
observed in adult weight between treatments suggest some native plant species are more 
suitable hosts for E. postvittana than others. Adult weight of E. postvittana has been directly 
correlated to the potential fecundity of this pest (Gu & Danthanarayana, 1990). Therefore 
those plants resulting in lower adult weights will have lower fecundity. Assuming the 
treatment diet provided optimal nutrition then its adult weight should also reflect that of a 
healthy leafroller. Larvae raised on R. hookeri resulted in adult weights significantly lower 
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than that of diet and this implies this plant would be a sub-optimal host for E. postvittana. The 
only other plant to significantly differ from diet was L. dioica, which resulted in heavier 
adults. This would imply this native plant provides a good source of nutrients to this pest and 
could result in high adult fecundity. However the low preference of leafroller for this plant 
species (Section 4.3.2.2.6) as well as the poor survival of leafroller on this plant in both larval 
development experiments would suggest few leafrollers would survive to realise this 
enhanced fecundity. 
 
Table 4-9 Effect of treatment and sex on E. postivittana timing to pupal and adult stages 
and weight of pupae and adult leafroller (Experiment 1). 
 Time to pupal stage   Weight of pupa    Time to adult stage   Weight of adult 
 
Treatment ns ns ns *
1
 
Sex ns 
 
Female > 
Male*** ns 
Female > 
Male*** 
ns = no significant difference (P>0.05), *** = P<0.001, * = P<0.05 
1
see Table 4.10 for significant differences between treatment means 
 
Table 4-10 Mean weight of adult E. postvittana with different treatments (Experiment 1) 
Treatment Mean adult weight* (g) 
 R. hookeri 0.0025
a
 
 M. axillaris 0.0132
b
 
 A. inermis „purpurea‟ 0.0139b 
 L. angulata 0.0154
b
 
 S. uniflorus 0.0167
bc
 
 Diet 0.0167
bc
 
 A. bellidioides 0.0225
cd
 
 G. sessiliflorum 0.0233
cd
 
 L. dioica 0.0260
d
 
abc
Significant differences are indicated with different letters (LSD 5%). 
*Analysis did not reveal any correlation between adult weight and leafroller survival. 
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Experiment 2 
The second larval development experiment revealed a significant effect of both treatment 
(P<0.001) and stage (P<0.001) upon E. postvittana survival. There was also a significant 
interaction between treatment and development stage (P<0.015) (Figure 4.10). Mean survival 
of larva across all stages was highest when provided with buckwheat leaves (74%) and 
significantly differed from all other treatments. Survival of larvae upon A. inermis „purpurea‟ 
and grapevine material did not significantly differ while those larvae provided with either M. 
axillaris or L. dioica displayed significantly lower survival means. Survival dropped 
significantly between first and second instar stages, levelled during third and final instar and 
then significantly declined at pupation and adult stages. Table 4.11 presents the mean 
proportions of larvae which survived for each treatment across all development stages and 
indicates which treatments significantly differ from one another. 
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Figure 4-10 Mean proportion of E. postvittana larvae surviving at each development 
 stage (Experiment 2). Mean interaction LSD (5%) = 0.16 (indicated in 
 graph by ‘A’). 
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Table 4-11 Predicted means (proportion) for main effect of treatment upon E.postvittana 
survival across all stages of development during experiment 2. Significant 
differences are indicated with different letters (LSD 5%). 
Treatment Mean (±SE) survival 
Buckwheat 0.74±0.02
 a
 
A. inermis „purpurea‟ 0.56±0.03 b 
Grapevine 0.55±0.03
 b
 
M. axillaris 0.44±0.03
 c
 
L. dioica 0.22±0.01
 d
 
 
The interaction between treatment and stage occurred as larvae developed from final instar to 
pupation and from pupation to adult stages. This interaction may have been caused by disease 
affecting final instar larvae. During the experiment a number of apparently healthy final instar 
larvae in both buckwheat and grape treatments would rapidly deteriorated overnight, despite 
daily cleaning of dishes and the provision of fresh vegetative material. Therefore survival up 
to final instar may be a more accurate comparison for leafroller survival upon the different 
treatments. When pupation and adult stages are removed from analysis the significant effect 
of treatment and stage upon leafroller survival remain, however the significant interaction of 
these factors is lost. Table 4.12 presents the predicted proportion of leafroller surviving for 
each treatment when pupation and adult stages are omitted from analysis. It may be seen that 
while the main effect of treatment upon survival may be more pronounced when the 
interaction is removed, the relative effect of treatments remain constant.  
Table 4-12 Predicted means (proportion) for main effect of treatment upon E.postvittana 
survival when pupation and adult stages are omitted from analysis. 
Significant differences are indicated with different letters (LSD 5%). 
Treatment Mean (±SE) survival 
Buckwheat 0.94±0.02
 a
 
Grapevine  0.74±0.03
 b
 
A. inermis „purpurea‟ 0.65±0.04 bc 
M. axillaris 0.59±0.04
 c
 
L. dioica 0.32±0.02
 d
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Analysis of pupal weight, time to reach pupation, adult weight and time to adult emergence 
revealed some significant differences (Table 4.13). As in experiment 1 female pupal weight 
was greater than male (F1,22=110.81, P<0.001) while there was no significant effect of 
treatment on pupal weight (F3,11=2.51).  
Within this experiment there was a significant effect of both treatment (F1,22=34.91, P<0.001) 
and sex (F1,22=34.91, P<0.001) in the time E. postvittana took to reach pupation.  Larvae 
reared on buckwheat took a shorter time to reach pupal stage than all other treatments while 
male E. postvittana were faster in developing to pupal stage than female. While there was no 
significant effect of treatment upon adult weight (F3,8=0.22, P>0.05) the expected  significant 
effect of sex (F1,14=58.62, P<0.001) with female adults weighing more than male (Bradley et 
al., 1973) was again apparent.  
Regarding the time to adult emergence there was a significant effect of both treatment 
(F3,7=16.04, P<0.001) and sex (F1,14=24.9, P<0.001). Larvae took a significantly longer time 
to reach the adult stage when reared on M. axillaris and A. inermis compared to buckwheat 
and grapevine material while female E. postvittana took longer to emerge as adults than male.  
 
Table 4-13 Effect of treatment and sex on E. postivittana timing to pupal and adult stages 
and weight of pupae and adult leafroller (Experiment 2). 
 Time to pupal stage Weight of pupa Time to adult stage Weight of adult 
Treatment 
 
 
Buckwheat < all 
other treatments*** 
 
ns 
 
M. axillaris and A. 
inermis „purpurea‟ 
> buckwheat and 
grapevine*** 
ns 
 
Sex 
 
Female > Male*** 
 
Female > 
Male*** 
 
Female > Male *** 
 
Female > 
Male*** 
 
ns = no significant difference (P>0.05), *** = P<0.001  
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4.3.2.3 Effects of native plants on soil parameters 
 
4.3.2.3.1 Soil moisture 
Soil moisture did not significantly differ between treatments during December‟08 and 
September‟09 sampling dates (ANOVA, P>0.05). Sampling during November‟09 found soil 
moisture to be significantly higher in L. angulata and A. inermis „purpurea‟ compared to all 
other treatments (P<0.05) (Table 4.14). 
 
Table 4-14 Mean (±SE) percentage soil moisture of different under-vine treatments in 
December’08, September’09 and November’09. 
Treatment 
Mean (±SE) soil moisture (%) 
Dec-08 Sep-09 Nov-09 
A. inermis „purpurea‟ 7±1.45 13±0.54 12±1.74a 
G. sessiliflorum 5±0.64 15±1.14 8±0.98
b
 
H. chathamica 5±0.32 14±1.04 8±0.82
b
 
L. dioica 6±0.51 13±2.85 8±0.88
b
 
L. angulata 7±0.91 10±0.34 14±1.50
a
 
M. axillaris 6±0.27 18±3.88 8±2.09
b
 
Bare earth 5±0.63 9±0.37 7±0.93
b
 
ab
Letters denote significant differences between treatments calculated through Fisher‟s 
Protected LSD (P<0.05) = 3.9. Where there are no significant differences, letters are not used. 
 
4.3.2.3.2 Total organic carbon 
No significant difference in total organic carbon between treatments was evident (P>0.05) 
(Table 4.15). 
Table 4-15 Total soil organic carbon (g/100g dry wt) of under-vine treatments L. dioica 
and bare earth. 
Treatment Rep 1 Rep 2 
 
Rep 3 Rep 4 Rep 5 
L. dioica  2.0 1.7 1.8 1.6 2.0 
Bare earth 2.1 1.5 1.9 1.6 2.1 
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4.3.2.3.3 Microbial populations 
 There were no significant differences in bacteria counts found between treatments (total 
bacteria: H = 3.14, d.f = 2, P = 0.2; cellulolytic bacteria: F2,11 = 1.38, P = 0.291; phosphate 
solubilising bacteria: H = 1.346, d.f = 2, P > 0.05; fluorescent Pseudomonad spp. count: 
statistical analysis was not possible due to extremely low count data). Soil moisture was 
significantly higher for L. dioica compared to bare earth and A. inermis „purpurea‟ treatments 
(F2,12 = 6.11, P<0.05). Table 4.16 provides a summary of these results. 
 
Table 4-16 Microbial population counts from under-vine treatments, November 2009.  
 
 
 
Bare earth 
(10
4
 cfu/g 
dry soil) 
L. dioica 
(10
4
 cfu/g 
dry soil) 
A. inermis 
„purpurea‟ 
(10
4
 cfu/g dry 
soil) 
Total bacteria count –Median value 39 42 50 
Mean (±SE) cellulolytic bacteria count 26±7 30±6 23±1 
Phosphate solubilising bacteria count- 
Median value 
3.7 4.3 5.7 
Fluorescent Pseudomonad spp. count 0 1 0 
Mean soil moisture (%) 7±1
a
 12±2
b
 8±1
a
 
ab
 Letters denote significant differences between treatments (P < 0.05). Where there are no 
significant differences, letters are not used. 
 
4.3.2.3.4 Microbial activity: bait lamina probes and the TTC method 
Bait lamina probes 
There was a significant effect of both treatment (F11,75=2.11, P<0.05) and depth 
(F15,176=12.32, P<0.001) on the removal of bait from probes (Table 4.17). All plant treatment 
except for G. sessiliflorum showed greater bait removal than probes recovered from the bare 
earth treatment (Figure 4.11), while there was a consistent trend of declining bait removal 
with increasing probe depth. Notably little bait removal occurred for the bare earth treatment 
at depths lower than 20mm, while removal under native plant treatments continued 
consistently to 80mm.  
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During placement and removal of probes it was apparent that soil structure beneath native 
plants was more porous than bare earth treatments, which presented more resistance to probe 
insertion.  
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Figure 4-11 Mean ± (SE) percentage of bait removed from bait lamina probes for each 
under-vine treatment. Bars sharing letters are not significantly different 
from one another (Fishers Protected LSD (5%)).
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Table 4-17 Mean percentage of baits removed from bait lamina probes at different soil depths beneath the different under-vine treatments. 
 
Depth 
(mm) 
Bare 
earth 
R. 
hookeri 
A. 
bellioides 
A.  
inermis 
H. 
chathamica 
A. inermis 
„purpurea‟ 
S. 
uniflorus 
L. 
dioica 
L. 
squalida 
L. 
angulata 
G. 
sessiliflorum 
M. 
axillaris 
All 
treatments 
5 50 88 75 86 63 71 63 88 63 63 88 75 72
 a
 
10 13 75 50 57 88 86 88 88 75 63 50 75 67
 a
 
15 13 100 75 57 50 71 63 88 75 63 75 63 66
 a
 
20 0 63 75 57 63 86 75 75 63 75 38 50 60
 ab
 
25 0 75 75 43 50 71 88 63 50 63 38 50 55
 ab
 
30 0 63 50 43 63 57 63 63 50 50 38 63 50
 abc
 
35 0 38 63 29 50 57 25 25 63 50 50 63 43
 bcd
 
40 0 25 63 43 63 43 25 25 38 63 25 63 39
 bcd
 
45 0 0 75 29 63 71 13 25 25 75 25 38 36
 cd
 
50 0 25 63 29 38 43 25 50 25 63 25 50 36
 de
 
55 0 25 38 14 38 29 13 13 13 50 0 25 21
 fgh
 
60 0 25 50 14 13 43 13 13 13 38 0 25 20
 gh
 
65 0 38 38 14 38 29 13 25 25 63 13 13 25
 def
 
70 13 25 50 29 25 14 13 13 13 63 0 25 23
 efg
 
75 0 25 38 14 25 14 13 13 13 50 13 0 18
 gh
 
80 13 25 13 0 13 14 13 0 0 50 0 13 13
 h
 
Mean 
across 
depths 
6
a
 45
 bc
 55
 bc
 35
 bc
 46
 bc
 50
 bc
 38
 bc
 41
 bc
 38
 bc
 59
 c
 30
 ab
 43
 bc
  
abc 
Letters denote significant difference calculated through Fisher‟s Protected LSD (P<0.05). Significant differences between depths LSD (P<0.05) = 15.5; 
significant differences between treatments LSD (P<0.05) = 26.4. 
 
1
1
4
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The TTC method 
Microbial activity as measured by the TTC method was higher in all the native plant 
treatments compared to bare earth, while activity was significantly higher in the soil sampled 
from beneath the native plant L. dioica compared to the soil of the other plant treatments 
(P<0.05). Soil moisture at the time of sampling did not significantly differ between the seven 
treatments (P>0.05) (Table 4.18).  
Table 4-18 Mean (±SE) microbial activity of soil beneath native plant and bare earth 
treatments determined by the TTC method. 
Treatment 
Mean (±SE) microbial 
activity (ug/dwt g 
soil/hr) 
Mean soil moisture (%) 
 
L. dioica 20±2.71
a
 6±0.51
a
 
A. inermis 
„purpurea‟ 13±1.19b 7±1.45a 
H. chathamica 13±1.37
b
 5±0.32
a
 
G. sessiliflorum 12±0.79
b
 5±0.64
a
 
L. angulata 12±0.90
b
 7±0.91
a
 
M. axillaris 12±1.49
b
 6±0.27
a
 
Bare earth 7±1.4
c
 5±0.63
a
 
ab
Letters denote significant differences between treatments (P < 0.05). 
 
4.3.2.3.5 Greenhouse gas sequestration by soil bacteria 
A considerable amount of variance in methane and nitrous oxide fluxes was observed. Due to 
highly variable data no significant differences in the fluxes were detected between the two 
treatments. Soil moisture and temperature did not significantly differ (Table 4.19).  
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Table 4-19 Summary of GHG data collected from native plant trial site (April 2009). 
 
Soil CH4 flux (ugCH4-Cm
-2
h
-1
) (0 to 20 minute fluxes)* 
Rep No Native plant Bare earth 
1 -21.22 43.51 
2 14.35 16.05 
3 -14.02 -13.71 
Mean -6.96 15.28 
SD 18.81 28.62 
SEM 10.86 16.52 
Soil N20 flux (ugN2O-N m
-2
h
-1
) (0 to 20 minute fluxes)* 
1 0.24 -0.31 
2 5.53 2.03 
3 1.64 -6.59 
Mean 2.47 -1.62 
SD 18.81 4.46 
SEM 10.86 2.57 
Soil temperature at 50mm (ºC) 
1 18.9 19.3 
2 20.9 19.7 
3 19.2 20.8 
Mean 19.67 19.93 
SD 1.08 0.78 
SEM 0.62 0.45 
Soil water content at 50mm (%) 
1 4.12 6.94 
2 5 4.75 
3 5.83 3.51 
Mean 4.99 5.06 
SD 0.85 1.74 
SEM 0.49 1 
* Note negative notation means net CH4 or N2O uptake (or oxidation or consumption) and for 
methane involves methane oxidising bacteria called methanotrophs. Positive notation means 
net CH4 or N2O emission and for methane involves bacteria called methanogens. Minimum 
detectable flux for methane and nitrous oxide was 8.21 ug CH4-C m
-2
h
-1
and 3.86 ug N2O-N 
m
-2
h
-1
, respectively, determined from repeated analysis of ambient air samples. 
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As only one set of measurements was taken and to verify the trends in the results, further 
GHG data was collected from a 3 year old native planting site at the Mud House property and 
at a nearby blackcurrant farm where a 1 year old planting of native shrubs was present. See 
Appendix 7 for these results. Results at these other sites were again highly variable. A larger 
sample size and sampling over time may help clarify the effect of the native plants on GHG 
fluxes from vineyard soils. 
4.3.2.4 Weed suppression provided by native plants 
There was significantly more weeds present in the bare earth treatments compared to all 
native plant treatments (P< 0.01) (Figure 4.12). A simple linear regression revealed weed 
suppression was not significantly correlated with plant growth, reflecting the „porosity‟ of 
some species growth forms. Weeds consisted primarily of Trifolium species (Fabaceae), but 
also included plants from Poaceae, Malvaceae and Asteraceae families. This is consistent with 
a 1997 survey conducted by Dastgheib and Frampton (2000) who reported Trifolium spp. as 
the most prevalent weed species identified by Canterbury grape growers requiring 
management. It is thought that this may be due to clovers building up a tolerance to 
glyphosate; which Canterbury growers heavily rely upon (Dastgheib & Frampton, 2000). 
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Figure 4-12 Mean weed penetration of under-vine treatments assessed using a 0.2m
2
 
quadrat. Significant differences between treatments are indicated using 
different letters (P < 0.001). 
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4.4 Discussion 
Findings presented here would suggest native plants deployed beneath grapevines have the 
potential to provide or enhance ecosystem services of value to growers. Overall, findings 
suggest certain native plant species may preserve biodiversity, enhance biological control of 
vineyard pests and provide weed suppression. Assessments of soil moisture and microbial 
activity would also indicate soil health could be improved. The preliminary investigation into 
the ability of the native plants to sequester greenhouse gases however, did not find this 
ecosystem service to be enhanced. Further discussion of the study‟s findings is made below.  
 
4.4.1 Growth and survival 
Both growth and survival of the native under-vine plants is arguably the most critical 
prerequisites for their incorporation into a vineyard system. Successful establishment and 
spread of a native plant species beneath grapevines will shorten the period of time required for 
intensive weed removal (by hand or herbicide) that is needed prior to plants merging to form a 
dense mat beneath the grapevines. It is likely that the provision of the ecosystem services by 
the native plant species investigated within this study will become more evident as they 
continue to grow and their impacts upon vineyard parameters accrue over time. Significant 
differences in growth and survival was observed for the native plant species utilised within 
this study. Clearly this indicates some species are more suitable, and tolerant, of the 
conditions experienced within the North Canterbury vineyard, which included frost and snow 
events, dry conditions and potentially rabbit browsing. Growth was correlated to survival; 
species with high survival rates (>80%) also displayed higher growth rates. These included L. 
dioica, A. inermis „purpurea‟, G. sessiliflorum, M. axillaris and R. hookeri. These results are 
considered when appraising which of the native plant species studied are most suitable for 
deployment within a vineyard (Section 4.5). 
 
4.4.2 Conservation of biodiversity 
At all sampling dates invertebrate diversity was higher for certain native under-vine plant 
treatments than that of bare earth or the rye grass inter-row. This indicates that the 
establishment of certain native plants beneath grapevines will increase arthropod diversity. 
Overall diversity was lower for the winter sampling date compared to those occurring in 
  
 119 
summer; which is unsurprising in light of annual arthropod activity patterns (Dent & Walton, 
1997). However, diversity was maintained over the winter period by some of the native plant 
species, indicating the plants provided suitable overwintering sites for arthropods and this 
may have implications for early season pest control (see Section 4.4.3). While there is debate 
over whether species richness correlates positively to ecosystem functioning (Loreau et al., 
2002), and therefore provision of ES, the precautionary principle would apply where the ES in 
question is dependent on sensitive species (Cardinale et al., 2006; Ridder et al., 2008). 
Smukler et al., (2010) found that a few key species were more important than species richness 
in explaining the provision of ES within a US farmscape. The identity of the arthropods 
sampled therefore needs to be clarified. Such identification would also determine whether the 
plants are conserving rare native arthropod species and therefore protecting biodiversity in a 
global sense. 
The significant differences in diversity observed between treatments may be due to plant 
structural characteristics (Table 4.3). Plant species showing high diversity typically had higher 
growth forms (10-15cm) and displayed leaf-overlap and leaf litter accumulation while those 
with low diversity, such as M. ephedroides, R. hookeri, R. subsericea and S. uniflorus, lacked 
these structural properties. Although the area from which invertebrates were sampled was 
consistent (0.04m
2
), the total leaf area would have differed between plant treatments due to 
each species structural properties. The high leaf area of A. bellidioides may be responsible for 
the high invertebrate diversity observed for this plant treatment, however, this would not 
explain the higher arthropod diversity of G. sessiliflorum; which displays the lowest leaf area 
(0.04m
2
 per vortis sample) of all plant treatments.  
Another variable which may have influenced invertebrate assemblages and abundances is the 
flowering durations of plant species. For the March sampling those plant species which were 
flowering showed a higher diversity of invertebrates than those not flowering at this time. 
Flowering density, known to be correlated to arthropod diversity and visitation (Fiedler & 
Landis 2007b) may also have influenced the arthropod diversity of this study, although the 
contrasting densities of M. axillaris (100 inflorescences/0.2m
2
) and G. sessiliflorum 
(10/0.2m
2
), both of which showed high arthropod diversity, would not appear to support this. 
It can be seen that each plant species displays a set of characteristics which likely results in a 
distinct microclimate. Plant characteristics including flowering durations and growth forms 
appear to have influenced the arthropod diversity observed in this study. It appears that those 
plants displaying a higher growth form, leaf over-lap, leaf litter and longer flowering 
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durations provide a more favourable microclimate for arthropods and consequently record 
higher arthropod diversity.    
 
4.4.3 Conservation biological control 
Within this study the establishment of native plants beneath grapevines clearly increases the 
plant diversity of the vineyard system. Increasing plant diversity has become an integral part 
of integrated pest management (IPM) theory and practice (Bugg & Waddington, 1994; Gurr et 
al., 2004; Landis et al., 2000). The increases in natural enemy densities observed in numerous 
studies where plant diversity has been enhanced have largely been attributed to the more 
diverse system providing natural enemies with resource subsidies including alternative food 
and shelter (Altieri & Nicholls, 2004; Gurr et al., 2004; Landis et al., 2000).  
Alternative food includes not only plant resources of nectar and pollen but also non-pest 
arthropods hosted by the plant which supplement the diets of natural enemies (Landis et al., 
2000). These alternative food sources can maintain or increase natural enemy populations and 
efficacies, inclusive of times when pest populations are low or absent from the agricultural 
system. The ramifications of this for pest management are the reduced need for other pest 
control techniques, including pesticides or cultural manipulations (Gurr et al., 2004). 
Furthermore, the reduced reliance of natural enemies upon the pest reduces the risk of pest 
outbreaks early in the growing season when natural enemy populations traditionally lag 
behind that of the pest (Olson et al., 2005). 
Shelter is another important resource of plants incorporated into an agricultural system for 
CBC. Simplified agricultural systems such as vineyards often lack suitable habitat for natural 
enemies, especially over the winter months when vines are dormant (Hogg & Daane, 2010; 
Nicholls et al., 2008). Non-crop plants can maintain natural enemy populations by providing 
habitat with favourable microclimates and refuge from extreme weather events (Landis et al., 
2000). 
Within this study arthropod diversity and abundances within the vineyard was higher in areas 
where certain native plants were established than in areas where they were absent. It is 
proposed that this occurred due to the native plants providing both alternative food and shelter 
to arthropods. These enhancements may have implications for vineyard pest management. 
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Alternative food provided by the native plants: implications for CBC 
Floral resources of all native plant species of this study have the potential to provide both 
pollen and nectar to natural enemies in vineyards. Due to differences in flowering densities 
and durations, however, it is likely that some plant species have the potential to impact upon 
natural enemy populations or their efficacies more so than others.  
Fiedler and Landis (2007b) found that plants displaying the greatest floral area at any given 
time attracted the highest number of natural enemies. Because observations of floral visitors 
only occurred in December it is not possible to correlate peak flowering times with floral 
visitation. However the results from the December observation would suggest the higher 
visitor diversity upon M. axillaris, including that of parasitic wasps, may be due to the 
observation coinciding with this plants peak bloom period, and, the higher density of flowers 
on this species compared to other plant species also at peak bloom at this time. While the 
observation of a similar visitor assemblage for another native plant species of much lower 
flowering density (L. angulata), brings such suggestions into doubt, this may be explained by 
the size and appearance of this latter species flowers, which are considerably larger and more 
conspicuous than those of M. axillaris.  
Flowering duration of native plants varied from three to six months with most species 
displaying peak bloom between November and January. If floral resources are to be 
successfully utilised by a target natural enemy it follows that flowering and natural enemy 
presence must coincide (Landis et al., 2000; Wäckers & Van Rijn, 2005). Natural enemies of 
leafrollers occur in the vineyard all year round making any floral resource provision of use, 
however, it may be argued that it is during the growing season, when pest densities may cause 
economic damage, that enhancement of this pest‟s natural enemies is paramount. Leafrollers 
cause economic harm primarily through their infestation of fruit bunches, opening the grapes 
up to damage by grey mould (Botrytis cinerea Pers.) (Nair et al., 1988; Nicholas et al., 1994). 
Consequently control of leafrollers at grape veraison (ripening) (approx. February) and up to 
harvest (approx. April) is important if leafroller damage is to be kept below economic 
thresholds (Jacometti et al., 2008). Therefore although native plants may provide floral 
resources in spring to enhance early season pest control, provisions nearer harvest may be too 
low to influence natural enemy populations or efficacies at this time. 
Due to resource constraints and logistical factors only three flowering native plant species 
were able to be assessed for their potential to enhance longevities of natural enemies in the 
laboratory. Selection centered on plant growth (and survival), as this characteristic was 
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deemed critical in determining if plants were to be established by growers. Following growth, 
flowering density and visitation were used as criteria. Consequently L. dioica, A. inermis 
„purpurea‟ and M. axillaris were selected for laboratory experiments which investigated the 
effect of their floral resources upon natural enemy longevities. The longevity of the parasitoid, 
D. semiclausum, and the predatory beetle, C. montrouzieri, was significantly enhanced by L. 
dioica and M. axillaris compared to water only treatments, while those of A. inermis 
„purpurea‟ affected the longevity of the parasitoid only. These findings confirm that these 
natural enemies can utilise and benefit from these native floral resources, however, how do 
they compare to those non-native floral resources currently recommended to growers for 
CBC? Within the current study the longevity of C. montrouzieri upon buckwheat (mean 29 
days) was comparable to that on L. dioica (25 days), indicating this floral resource to be of 
equal quality for the requirements of this beetle. Lavandero et al. (2006) reported a mean 
longevity of 28 days for D. semiclausum when provided buckwheat flowers in similar 
laboratory conditions to those utilised within this study. The mean longevities of D. 
semiclausum reported here when provided native floral resources do not exceed 10 days. This 
would indicate that buckwheat flowers are a superior floral resource for this parasitoid. 
However as mentioned earlier (Section 3.5.4) experimental limitations may have limited the 
degree to which the native floral resources enhanced natural enemy longevity. Ultimately then 
this study can report that flowers of L. dioica, M. axillaris and A. inermis „purpurea‟ provide 
resources capable of enhancing D. semiclausum and C. montrouzieri longevity while the 
degree to which this may occur requires further work. These results suggest these plant 
species have floral resources which could enhance the efficacy of natural enemies in 
vineyards, including that of the leafroller parasitoid D. tasmanica. However further testing of 
native plants with D. tasmanica is required to confirm this, as past studies have shown the 
effect of floral resources upon different parasitoid species can differ markedly (Lavandero et 
al. 2006).  
In addition to floral resources of pollen and nectar, the native plants may host non-pest 
arthropods which have the potential supplement the diets of predatory natural enemies. The 
diverse assemblage of arthropod taxa observed for certain native plant treatments (Section 
4.3.2.1) no doubt included suitable alternative prey species. Indeed this provision by the 
native plants may have stronger implications for CBC than their floral resources when 
considering the densities and durations of alternative non-native floral resources currently 
utilised by growers. The flowering density of buckwheat was much higher than any of the 
native plants tested here. Additionally sowing practices of this non-native plant can provide a 
more continuous floral display which continues later into the growing season than those of the 
  
 123 
native plants. These attributes of buckwheat may prejudice the deployment of native plants in 
vineyards if provision of floral resources to natural enemies was the only consideration.   
 
Shelter provided by the native plants to predators: implications for CBC 
Results suggest that the establishment of certain native plant species will increase spider 
densities beneath grapevines. This is consistent with the findings of other research where the 
establishment of a groundcover positively affected spider densities in vineyards (Thomson & 
Hoffmann, 2007). It is likely that this increase in spider density compared to rye grass inter-
rows or bare earth was due to the native plants providing suitable shelter. The abundance of 
spider fauna found within agricultural systems has been attributed to non-crop habitat 
(Birkhofer et al., 2008; Duelli et al., 1990; Uetz et al., 1999; Webb et al., 1984), (although see 
Thomson et al. (2010)) which can provide diverse structures capable of supporting a more 
diverse spider assemblage (Wise, 1993; Young & Edwards, 1990). Several authors have 
suggested a more complex cropping structure is likely to positively influence spider 
assemblages and that this will have direct ramifications for invertebrate pest control (Marc & 
Canard, 1997; Riechert & Lockley, 1984; Uetz et al., 1999; Wise, 1993) and consequently 
crop damage (Young & Edwards, 1990). It is proposed that non-crop habitat increases the 
range of resources within the agricultural system allowing a more diverse spider assemblage 
to be supported than that of a structurally simple one and that this increases the chances of 
matching predator and prey to realise improvements in pest control (Uetz et al., 1999).  
Non-crop habitat is often considered either as permanent vegetation surrounding the crop 
margin or as annual vegetation within the cropping system. Within this study the non-crop 
vegetation is permanent vegetation established within a perennial cropping system. It is 
proposed here that the benefits for pest management attributed to surrounding non-crop 
vegetation will be brought more directly into the cropping system and as a consequence be 
more evident. 
The most abundant spider families represented within this study included web building 
Linyphiidae and Theridiidae and wandering/hunting Salticidae and Oxyopidae (Uetz et al., 
1999). Members from all of these families are known predators of leafrollers and have been 
observed feeding on both larval and adult stages of this pest (HortNet, 2000). Considering the 
predatory nature of all spiders (Marc et al., 1999) it would be fair to assume spiders sampled 
within this study would be capable of predating not only on E. postvittana but other vineyard 
pests including mealybugs, grapevine scale and mites (Thomson & Hoffmann, 2007). 
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In the summer sampling Linyphiidae was the most well represented family and this may be a 
reflection of its dispersal capabilities (Paquin et al., 2010). Linyphid spiders are known to 
disperse into cropland early in the season by ballooning from undisturbed refuges (Halley et 
al., 1996). As a consequence this family is often well represented in disturbed, homogeneous 
agricultural systems such as vineyards (Bolduc et al., 2005; Hogg & Daane, 2010; Isaia et al., 
2006). Hogg and Daane (2010) found that species of this family spill-over from non-crop 
vegetation surrounding vineyards. In that study spiders were sampled from monoculture 
vineyards abutting oak woodland. Potentially then by bringing the non-crop vegetation into 
the vineyard, as in this study, spiders will already be present in the agricultural system and 
come spring the spill-over into the vine canopy will occur much earlier. Indeed, August 
sampling revealed that while rye grass inter-rows and bare earth areas supported few spiders 
in winter, certain native plant treatments maintained spider densities comparable to that 
observed in January. This would suggest the native plants are providing critical overwintering 
sites for spiders that would otherwise vacate the vineyard at this time. As a consequence this 
may improve early season pest control as dispersal distances into the crop will negligible 
(Lemke & Poehling, 2002; Olson et al., 2005) and the impacts of spiders –traditionally 
limited to late season impacts on vineyard pests- could be extended earlier into spring (Hogg 
& Daane, 2010). 
Although this study found higher spider densities in native plant treatments than bare earth or 
rye grass inter-rows, the question remains, will these spiders sampled from the ground 
disperse into the vine canopy and provide pest control services there? Determining whether 
spider migration occurs between the vineyard floor and the vine canopy would help clarify 
whether the observed increases in spider densities on the native plants will impact pest control 
in the canopy. Costello and Daane (2003) found that spider assemblages significantly differed 
between those sampled from the vineyard floor and that of the vine canopy, suggesting 
migration does not occur as the different environs of ground and canopy separate spider 
fauna. Costello and Daane (2003) found spiders within the canopy were predominantly web 
building Linyphiids while those on the ground were mainly wandering/hunting Gnaphosids. 
This present study however found Linyphiids also on the vineyard floor and this would 
suggest the findings of Costello and Daane (2003) may be confounded with the sampling 
techniques utilised: pitfall traps on the ground and sticky traps in the canopy. The suction 
sampling technique utilised within this study would appear comprehensive in that it collected 
spiders of both wandering/hunting and web building guilds (Uetz et al., 1999). However, past 
research would suggest the use of at least one other sampling technique to confirm spider 
assemblages would have been wise (Isaia et al., 2006; Marc et al., 1999).  
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Regardless of these sampling technique limitations, an exception to the findings of Costello 
and Daane (2003) were oxyopid spiders, which were found both on the ground and in the 
canopy. This suggests species within this family migrate between the vineyard floor and 
canopy. Within the current study Oxyopids were present at all sampling dates on native plant 
treatments, being one of the more well represented families. Thus at the very least these 
spiders, known as important biological control agents in agriculture (Cardenas et al., 2006), 
would seem to be capable of dispersing from the vineyard floor into the canopy.  
While it may appear that pest control is most urgent within the vine canopy, an appreciation 
of pest biology reveals that predation of pests at the vineyard floor may be of similar concern. 
When present, vineyard pests including mealybugs, scales and mites are all found upon the 
vineyard floor (Charles et al., 2005; Charles et al., 2006; Daane et al., 2008). And while E. 
postvittana may cause its damage within the canopy environs its overwintering larval stage 
disperses into surrounding vegetation when horticultural crops are dormant and leafless 
(Wearing et al., 1991). Consequently predation of these pests at the vineyard floor may limit 
the abundances of pests dispersing into the canopy at the start of the growing season. Thus 
regardless of whether the spiders sheltering within the native plants of this study migrate into 
the canopy or not, the potential for them to contribute to vineyard pest control remains. 
The effect of the native plants on spider densities may not transfer to other vineyard regions 
or indeed other vineyards in the same region. Spider assemblages have been shown to 
significantly differ between vineyards of the same region (Costello & Daane, 1995) or 
between regions (Bostanian et al., 2003), although Boldoc et al. (2005) found similar 
assemblages in vineyards of the same region. Consequently it would appear further 
assessment of spider densities and assemblages when native plants are established beneath 
grapevines would be prudent before extending these findings to all New Zealand vineyards. 
 
Potential of native plants to host E. postvittana 
Findings suggest that the native plants deployed within this study could impact upon adult E. 
postvittana in the vineyard. While the provision of native floral resources to adult E. 
postvittana caused no significant enhancement of longevity, results suggested certain native 
plant species could be suitable hosts to leafroller larvae. Considering that leafrollers are a pest 
upon grapevines we may assume this plant is a good host of E. postvittana. Consequently any 
native plant species shown to result in comparable leafroller survival, as that observed on 
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grapevine material, may also be a suitable host for leafrollers in vineyards with the potential 
to exacerbate leafroller problems encountered by growers.  
Mean survival of E. postvittana when provided different plant materials did not significantly 
differ between grapevine and A. inermis „purpurea‟, indicating this native plant could be a 
highly suitable host of this pest. The mean survival of E. postvittana upon A. inermis 
„purpurea‟ was comparable in both experiments (experiment 1: 50%; experiment 2: 56%) 
improving the reliability of these findings. 
While preference tests showed leafrollers to significantly „prefer‟ grapevine over the native 
floral resources, in winter months grapevine material would no longer be a choice for this 
pest; and native plants may be utilised. Ensuring native vegetation available to overwintering 
larvae is of poor quality, in terms of leafroller development, would be prudent. Of those three 
native plant species identified by their growth and floral resource to be most promising for 
vineyard deployment, L. dioica followed by M. axillaris showed the lowest mean leafroller 
survival across both experiments and, along with the other native plants tested (larval 
development, experiment 1), would seem to pose little threat of enhancing E. postvittana 
populations by acting as host plants. L. dioica would appear to be a particularly poor host 
plant, recording no leafroller pupation in experiment 2. Although this plant did result in 
heavier adults in one of the larval development experiments (Table 4.10). If adult weight does 
translate into potential fecundity, as was found by Gu and Danthanarayana (1990), this plant 
may result in higher leafroller fecundity than if the pest was hosted by other plants. It is likely 
that the poor development of leafrollers on the majority of native groundcover plants was due 
to a lack of necessary nutrients for development or that antifeedants were present in the plant 
material which may have stopped larvae feeding (Russel and Lane 1993). 
 
Of interest, survival and development of E. postvittana on buckwheat was significantly higher 
and faster than that on grapevine, raising concern for the use of this plant in vineyards. 
Preference of leafroller larvae was also higher for this non-native plant than for either A. 
inermis „purpurea‟ and M. axillaris, perhaps reflecting the suitability of this plant as a host 
for leafrollers. Recent research in vineyards, however, found leafroller damage decreased with 
the deployment of buckwheat (Jacometti et al., 2008) suggesting the overall impact of this 
plant is favourable. 
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4.4.4 Soil parameter effects of native plants 
Overall this study found limited effects of the native plants upon tested soil parameters. No 
significant effects of the plants on total organic carbon, microbial populations or GHG 
sequestration were observed. However, findings did indicate that soil moisture and microbial 
activity may be affected when native plants are established beneath grapevines. Observations 
would suggest that establishing native plants beneath grapevines do not reduce soil moisture 
levels and that some species may conserve soil moisture, while indirect assessments of 
microbial activity revealed activity was heightened in soil directly beneath native plant 
treatments. 
In addition to these effects, personal observations suggest soil porosity was greater beneath 
the native plants compared to bare earth treatments and this is likely due to the root structure 
of the plants creating more pores in the vineyard soil. Such effects can improve water 
infiltration and reduce run off and consequently vineyard soil erosion (Bugg & van Horn, 
1997).  
The influence of the native plants upon the above parameters may become more apparent in 
time, especially after further leaf litter accumulation and root development occur, although, 
the dry conditions of the vineyard may continue to limit effects upon microbial populations. 
Further discussion on results obtained within this study concerning the tested soil parameters 
follow. 
 
Soil moisture   
No additional water to the vines with native plants established beneath them was deemed 
necessary by vineyard management. Indeed observations for soil moisture would indicate that 
the native plants did not reduce moisture levels beneath the grapevines. Rather results indicate 
some native plant species (L. angulata and A. inermis „purpurea‟) actually conserve soil 
moisture. Considering however the concerns of growers surrounding the potential for the 
native plants to compete with the vines for water during the growing season it would be 
prudent to undertake further assessments between the months of December and February.    
 
 
 
  
 128 
Soil microbial populations 
Native plant treatments had been established a little over two years, as mentioned above, it 
may be that more time is required before soil microbial populations can be seen to 
significantly differ between planted and unplanted under-vine soil. Although microbial 
populations have been shown to increase within vineyards using cover crops after only 1-3 
years (Steenwerth & Belina, 2008; Whitelaw-Weckert et al., 2007; Xi et al., 2009) plants used 
are often annual species which are cultivated into the soil or mown (Bugg & van Horn, 1997; 
Bugg et al., 1996). Such practices would contribute considerably more biomass to the 
vineyard floor each year than a permanent cover such as that of the native perennial plants of 
this study. Rapidly growing annuals would also tend to release more root exudates into the 
soil compared with slower growing perennials, which would stimulate rhizosphere bacteria 
and influence the bacterial communities (E. Jones, Lincoln University, pers. comm. 2010). 
Consequently it may be that a longer time period is required for greater leaf litter 
accumulation and root development to take place before increases in microbial populations or 
compositional differences are measurable. 
The dry conditions occurring at the trial site may have reduced bacterial colony counts. 
Pseudomonads are known to be sensitive to desiccation (Labeda et al. 1976) and this may 
explain their lack of presence within the sampled vineyard soil. Only one fluorescent 
Pseudomonad colony was counted in the study and that occurred within the L. dioica 
treatment, which displayed significantly higher soil moisture than the other treatments. This 
provides an indication that soil moisture may have played a role in the low Pseudomonad 
counts. Similar low Pseudomonad counts have been reported from rhizosphere soils of four 
grapevine rootstock cultivars in New Zealand (Dore, 2009), indicating this may be an inherent 
feature of vineyard soil in this country. The same method has been used to determine 
fluorescent Pseudomonad population associated with different brassica crops with 105 cfu/g 
dry soil seen (E. Jones unpublished). This shows the method is able to recover fluorescent 
Pseudomonads. 
Total bacteria counts however are significantly lower than in similar studies undertaken in 
Australia where soil moisture was also low. Whitelaw-Weckert et al. (2007) recorded counts 
over 1000 cfu/g soil (10
5
 dilution) in both sward and bare earth areas. This indicates the low 
soil moisture is not necessarily the cause of the low counts found in this New Zealand 
vineyard. 
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Another explanation for the overall low counts may be the historic and current use of 
herbicides within the vineyard in which sampling took place. Herbicide is applied to the 
vineyard inter rows and under-vine area three times per year. Herbicide applications are 
known to significantly reduce soil bacteria counts (Whitelaw-Weckert et al., 2007). Although 
not used upon the under-vine native plant or bare earth treatments during the trial, these areas 
would have received herbicide applications up to the start of the study in 2007 and have been 
maintained relatively free of vegetation. Consequently microbial populations may require 
more time to accumulate.  
 
Soil microbial activity 
Results obtained from both the TTC method and bait lamina probe assessments suggest that 
soil microbial activity may be increased beneath grapevines with the establishment of native 
plants. The removal of bait from probes provides an indirect measure of soil microbial 
activity. Bait removal in this study suggested all but one native plant increased that activity 
and also indicates that native plants extend microbial activity to lower soil depths. These 
findings were supported by the TTC method which found dehydrogenase activity to be higher 
in soil beneath native plant treatments compared to bare earth. 
The observed enhancement of microbial activity may have positive implications for vineyard 
management (see Section 4.2.4.3.3), although the identity of those organisms responsible for 
such increases would need to be clarified before such assertions could be made. 
 
Greenhouse gas sequestration 
The variability of GHG fluxes observed within this study is symptomatic of early 
regeneration stages where both emission and uptake is observed (Price et al., 2010). The 
native plants had been established for eighteen months when sampling took place. As with 
other soil parameters more time may be required before any measurable effect upon methane 
or nitrous oxide fluxes is apparent. Past work by Walcroft et al. (2008 ) in kanuka scrub sites 
would suggest that several years of leaf litter accumulation is required before methanotroph 
activity increases.  
The observed increase of soil porosity beneath the native plant treatments may facilitate 
methanotroph colonisation. Pores created by the native plant roots are likely to create a more 
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favourable environment for methanotrophic bacteria and this may lead to overall increases in 
methane sequestration (Price et al., 2004). 
The low soil moisture of the site likely limited any methanotroph activity. Price et al. (2004b) 
found methanotroph activity to peak when soil water content was at 15% while activity 
ceased at 3%. This would suggest methanotroph activity during sampling at the under-vine 
trial would be low considering soil moisture did not exceed 5%.  
Soil temperatures were within the optimal ranges for activity (12 – 30ºC) (Price et al., 2004b) 
and did not significantly differ between treatments. Consequently temperature is unlikely to 
be an explanatory factor in the observed methanotroph activity. 
Clearly more measurements need to be taken before suggestions can be made about the 
effects of these native plants on GHG sequestration and this would need to occur in a number 
of years, something beyond the scope of this thesis. However values obtained here may 
provide a baseline measure with which to compare future GHG fluxes.  
 
4.4.5 Weed suppression 
Management of weeds is a major concern of vineyard managers, including Waipara growers 
(see Chapter 6). Consequently the ability of the native plants to suppress weeds is likely to 
influence whether growers are interested in establishing them beneath their vines. In this 
study all of the native plant species assessed displayed significant suppression of weeds when 
comparing weed coverage in planted and unplanted treatments. Whether suppression was 
sufficient to remove or reduce the need for weeding (by hand or herbicide) would depend on 
weed cover tolerances of individual growers. Plant growth and weed suppression were not 
significantly correlated and this shows that while some plants may grow to cover a larger 
area, their growth form may allow for weed penetration, reducing weed suppression.  
The level of weed pressure within this vineyard may be considered low (bare earth showed 
only 30% weed penetration) compared to other vineyards experiencing higher rainfall. 
Consequently if native plant species are to be established in regions experiencing higher weed 
pressure suppression of weeds by the native plants may be lower than those observed here. 
Trials over several years would be needed to determine if native plants remain competitive 
with weeds in the long-term. 
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4.5 Recommendations to growers 
Which plant species? 
Determining which native plant species are most suitable to establish beneath grapevines will 
partly depend on the concerns of vineyard management for that particular vineyard. If the 
major concern is for weed management then growth and weed suppression will be the key 
characteristics for selection. If pest management is a concern those plants which showed 
promise of enhancing CBC within the vineyard could be of greater interest to those growers. 
It would, however, seem logical that growers looking for improvements in pest control would 
also require the native plant species selected to display good growth, making this a 
prerequisite as such for any recommendations of plants for CBC.  
Considering selection for weed management both L. dioica and A. inermis „purpurea‟ 
displayed the highest growth of all plant species tested, while of these two, L. dioica provided 
the greatest weed suppression. It would appear then that L. dioica would be the choice of 
growers interested in weed suppression. L. dioica was also observed to positively influence 
soil microbial activity and appeared to cause no reduction in soil moisture; characteristics 
likely to be of significant interest to growers. 
Discerning which plant species are most likely to contribute to pest management in the 
vineyard requires a more complex consideration of the findings from this study. Assuming 
that growers will require plants to show good growth both L. dioica and A. inermis „purpurea‟ 
were included in experiments investigating their potential to either enhance vineyard natural 
enemies or the vineyard pest, E. postvittana. The native plant M. axillaris also joined these 
plants for further assessment as it presented a high floral density: a favourable characteristic 
of plants deployed for CBC due to the floral resources they may provide natural enemies. In 
addition to this the high number of parasitic wasps observed on the inflorescences of this 
species beneath grapevines made it of further interest with regards to CBC in vineyards. But 
which of these three plant species would present the greatest potential to enhance CBC in 
vineyards? 
As discussed earlier, the provision by non-crop vegetation of alternative food and shelter to 
natural enemies are considered key factors influencing the success of CBC (Section 4.4.3).  
In the laboratory the floral resources of all three native plants enhanced the longevity of the 
parasitoid D. semiclausum, providing some evidence their floral resources could be of use to 
the key leafroller parasitoid D. tasmanica. Although the provision of M. axillaris flowers 
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resulted in the greatest parasitoid longevity gains over water controls compared to other plant 
species, results require cautious interpretation due to experimental limitations (Section 4.4.3). 
Experiments with the ladybeetle C. montrouzieri indicate that while L. dioica and M. axillaris 
may provide suitable nectar and pollen to this vineyard predator: A. inermis „purpurea‟ does 
not. In addition to floral resources these plants may act as a source of alternative prey to 
natural enemies. The diversity reported for each of these plants (Section 4.3.2.1) indicated no 
significant difference between the species during sampling in August and January, although, 
M. axillaris and L. dioica showed higher diversity than the rye grass inter-row in January 
when A. inermis „purpurea‟ did not. In March M. axillaris again reported the highest 
diversity, showing a significantly higher diversity of arthropods than the rye grass inter-row. 
This suggests M. axillaris may provide more alternative prey to natural enemies than the other 
native plant species. With regards to shelter provided to natural enemies this study 
investigated the density of spiders found for each native plant species. Compared to the bare 
earth or rye grass inter-row both A. inermis „purpurea‟ and M. axillaris reported significantly 
higher spider densities in March, while M. axillaris also reported a higher density in winter, 
signalling M. axillaris provides the most suitable shelter to spiders of the three plant species 
considered here.   
Another important factor for selection of non-crop vegetation for CBC is the selectivity of the 
resource subsidies they provide (Sections 3.2 and 4.2.4.2). This study investigated the 
potential of the native plant to benefit the leafroller pest, E. postvittana. None of the floral 
resources of these native plant species enhanced the longevity of adult leafrollers nor did 
leafroller larvae show any preferences for one native species over another. However results 
indicate that the native plant A. inermis „purpurea‟ could act as a suitable host for leafrollers 
and consequently may exacerbate leafroller damage in vineyards.  
In light of these considerations for CBC, findings would suggest M. axillaris followed by L. 
dioica would be the most suitable species to select where improvement in vineyard pest 
management is sought.  
While this chapter has maintained a distinction between A. inermis „purpurea‟ and A. inermis 
it is likely these two colour morphs of the species will perform equally well if planted 
material is of good quality. 
Growers should consider the natural distribution of the native plant to be deployed, both in 
terms of the species and any distinct populations. Ensuring this coincides with the vineyard‟s 
region will ensure genetic integrity (alongside social, cultural and economic sustainability) is 
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maintained (Simpson, 2000). „Ecosourcing‟ native plant material is advisable (Godley, 1972; 
Wilcox & Ledgard, 1983). The natural distributions of L. dioica, M. axillaris and A. inermis 
appear in the table below; population variations however will occur within these ranges. 
Sourcing plant material from locally collected seed therefore is recommended. 
Table 4-20 Natural distribution of recommended groundcover plant species  
Plant species Natural distribution 
Leptinella dioica 
(Asteraceae) North, South and Stewart Islands 
Muehlenbeckia axillaris 
(Polygonaceae) Lower North Island and South Island 
Acaena inermis  
(Rosaceae) 
Central and southern North Island and widespread 
east of the Main Divide in the South Island 
Practicalities and costs 
Establishing native plants beneath grapevines requires an investment of both time and 
finances. It would seem wise for growers to begin with a small area of the vineyard to 
determine if these requirements are acceptable and, if so, to then make further expansion of 
the native groundcover plantings. Purchasing native groundcovers could be costly ($2-
6/plant). Thus it is suggested growers could propagate their own plants. This can be done in 
consultation with local native nurseries who can advise on best practice. Cuttings from plants 
initially purchased or grown could be transplanted across the vineyard. Weed management 
will be required until plants have grown to such an extent that weeds are suppressed. At the 
1ha trial site of North Canterbury weed management consisted of hand weeding and applying 
herbicide with a backpack sprayer. With 2.3 meter rows and a 0.8 meter strip this accrued the 
following weed management costs (ha/yr): herbicide-3 applications ($21), labour-3 backpack 
applications ($450), hand-weeding labour ($140): Total weed management cost (ha/yr): $611. 
These costs will vary depending on the weed pressure of specific sites.  
Ensuring plant material is of good quality is of high importance. Within this study A. inermis 
„purpurea‟ would be expected to show similar growth to A. inermis since they are the same 
species. However the purplish colour morph A. inermis „purpurea‟ showed significantly 
greater growth and this was ascribed to the poor quality of planting material attained for A. 
inermis. Therefore prior to any purchase viewing the plant material to be ordered is advised. 
A preliminary investigation of herbicide resistance displayed by plants within the 
Muehlenbeckia genus provides some evidence that M. axillaris may tolerate some herbicide 
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application (Appendix 8). If so, management of weeds while this plant established within the 
vineyard, would require less effort than hand weeding.  
Considering these practicalities and costs, the establishment of a native groundcover beneath 
vines will be a process requiring a long-term perspective on the part of the grower. 
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     Chapter 5 
The value of remnant vegetation to agriculture within the 
Waipara valley  
5.1 Abstract 
This chapter undertook a preliminary investigation of the contribution small pockets of 
remnant vegetation may make to pest control services within the Waipara valley of North 
Canterbury. Field and laboratory research were carried out to assess the potential use of floral 
resources within remnants by beneficial and pest invertebrates. The dominant plant species 
within the remnants was Discaria toumatou Raoul (Rhamnaceae), consequently, it was this 
species on which work focused. Within the laboratory the longevity of the parasitoid 
Diadegma semiclausum Hellén (Hymenoptera: Ichneumonidae) was significantly enhanced 
by the floral resources of D. toumatou (matagouri) compared to water only. To a lesser extent 
this also occurred for the parasitoid‟s host, Plutella xylostella L. (Lepidoptera: Plutellidae), 
suggesting matagouri may improve the fitness of both beneficial and pest invertebrates. The 
flowers of matagouri did not enhance the longevity of Epiphyas postvittana Walker 
(Lepidoptera: Tortricidae), indicating this plant‟s floral resource will not exacerbate leafroller 
problems. Observations of flowering matagouri in Waipara revealed a diverse assemblage of 
arthropods utilize the resources of this plant, including natural enemies such as spiders, 
ladybeetle and parasitoid wasps. Frequent visitations of matagouri flowers by known crop 
pollinators suggest matagouri remnants may support wild pollinator populations. 
Findings provide some justification for the conservation of native remnants dominated by 
matagouri within New Zealand‟s agricultural landscape, as they may be supporting 
populations of agriculturally valuable fauna. While further work is necessary to determine the 
indirect impact of these remnants on crop pests, it seems prudent that these remnants be 
preserved and integrated into farming systems (rather than removed) until such knowledge is 
attained. 
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5.2 Introduction 
Conserving biodiversity within production landscapes is considered an important element in 
achieving sustainable agriculture (Kremen et al., 2002; Loreau, 2000; Matson et al., 1997; 
Tilman, 1997). Reasoning behind this conclusion entails an appreciation of biodiversity 
functions; which provide a raft of services critical to agricultural production (see section 1.3). 
Services such as pollination, soil nutrient balances and biological control are some of the 
many functions provided by biodiversity which are important to crop and livestock 
production. A means to maintain biodiversity -and consequently its functions- within 
agricultural systems is the preservation of non-crop habitat (Gurr et al., 2003; Landis et al., 
2000; Tscharntke et al., 2007). Retaining such habitat –especially indigenous vegetation- 
within New Zealand‟s agricultural landscapes is thought to be critical to preserving 
biodiversity and the associated adaptive capacity of the land (Blackwell et al., 2008; Lee et 
al., 2008; Moller et al., 2008), not to mention intrinsic values of the natural character that is 
one of the underpinnings of „sense of place‟ (Meurk et al. 2007). 
As in New Zealand, preserving non-crop habitats around the world has come under increasing 
pressure as the demand for food production increases. By 2050 the human population is 
expected to reach 9 billion (UN, 2005) and our common humanity requires us to ensure 
enough food is available for all (Trewavas, 2001). While a significant proportion of this 
demand for nutrition could be satisfied through improved distribution efficiencies (Kindall & 
Pimentel, 1994) there is considerable expectation that agricultural production will have to 
increase to avoid global food shortages (Matson et al., 1997; OECD-FAO, 2007; Pinstrup-
Andersen & Pandya-Lorch, 1998; Trewavas, 2001). Broadly speaking two options exist for 
agriculture to achieve increased production: intensification or extensification; both of which 
may be seen to have serious ramifications for biodiversity (Lee et al., 2008; Moller et al., 
2008). Extensification, which entails incorporating more land into production, often involves 
clearing biologically diverse vegetation (Lee et al., 2008). In Canterbury, grasslands, wetlands 
and shrublands have all been lost in the last decade to local expansion of agriculture (Lee et 
al., 2008), with similar trends occurring in other regions (Jay, 2005). Clearly this is not a 
phenomenon limited to the past. Intensification, defined by the Food and Agriculture 
Organisation (FAO) as “…an increase in agricultural production per unit of inputs” (FAO, 
2004), often results in the consolidation of small farms into larger operations and in doing so 
removes field boundaries –which consist of non-crop habitats- in order to accommodate large 
scale irrigation or harvest equipment (Blackwell et al., 2008). Within New Zealand these two 
options were summed up by Rowarth (2008) who stated “The choice is clear- more land for 
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production or more production from land”. While intensification may be seen to threaten non-
crop habitat within New Zealand‟s agricultural landscapes it may also provide opportunities 
for its preservation. Arguably non-crop habitats may be protected by embracing the advances 
of agricultural intensification (i.e. improved seed technology, pest and disease resistant 
cultivars etc. (Tester & Langridge, 2010)) as theoretically the consequent improvements in 
yields will reduce the need for converting more land into production: limiting extensification 
(Moller et al., 2008; Rowarth, 2008; Trewavas, 2001). This theory however would appear to 
have had limited proof in New Zealand where native vegetation continues to be lost from our 
agricultural landscapes (MacLeod & Moller, 2006; Meurk & Swaffield, 2000; Meurk et al., 
2007) regardless of the improvements made in yields through greater intensification. With 
intensively managed systems dominating the agricultural landscape of this country –and, with 
this unlikely to change (Novacek & Cleland, 2001; Western, 2001)- a concerted effort to 
integrate biodiversity into what may be called „wildlife friendly farming‟ is required (Fisher et 
al., 2008; Perley et al., 2001). How this might be achieved remains unclear, but most likely 
requires a re-evaluation of biodiversity from economic, social and ecological viewpoints (Lee 
et al., 2008; Moller et al., 2008). Understanding the value of native remnants within the 
agricultural landscape, in terms of preserving biodiversity and contributing to pest 
management, would aid such an evaluation.  
5.2.1 The role of non-crop habitat in biodiversity conservation and pest 
management 
Non-crop habitats such as native remnants directly contribute to the complexity of an 
agricultural landscape. The simplification of an agricultural landscape through the removal of 
such habitat is thought to result in reduced invertebrate biodiversity(Altieri, 1999; Crisp et al., 
1998; Liu et al., 2010) , especially of higher trophic level species which may undertake pest 
control services (Tscharntke et al., 2007). Non-crop habitats have been shown to preserve 
natural enemy populations through their provision of resources including shelter and nutrition 
(Corbett & Rosenheim, 1996; Gurr et al., 2003; Landis et al., 2000; Ponti et al., 2005) and this 
has been shown to have positive outcomes for pest management (Barbosa, 1998; Liu et al., 
2010; Marino & Landis, 1996; Nicholls et al., 2008; Thies & Tscharntke, 1999), although see 
(Moreno et al., 2010). A classic example of this was presented by Doutt & Nakata (1973) 
where hedgerows improved the effectiveness of the egg parasitoid wasp Anagrus epos Girault 
(Hymenoptera Mymaridae) in regulating a grape leafhopper pest (Homoptera Cicadellidae) in 
Californian vineyards. This occurred due to the hedgerow providing the natural enemy with 
an alternative host during the winter when the pest population was low and consequently 
allowed for early season pest control (Ponti et al., 2005). If the native remnants within 
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Canterbury are being similarly utilised by natural enemies their removal should be of concern 
to landowners.  
5.2.2 Native remnants in North Canterbury 
Native vegetation cover within New Zealand‟s agricultural landscapes has declined over the 
past 40 years (MacLeod & Moller, 2006), mirroring trends seen in Europe and North America 
(Krebs et al., 1999; Murphy, 2003). Agricultural landscapes dominated by pastures of exotic 
grasses and clover have replaced native grasslands, forests and wetlands (MacLeod & Moller, 
2006). Nowhere in New Zealand may this be more apparent than within the Canterbury 
Plains. Canterbury produces most of the countries grains (Statistics New Zealand, 2009), 
while as a region, reports the lowest remaining native vegetation cover (6%)  (MfE, 2007) 
(native vegetation cover on arable land in Canterbury is probably less than 1% (C. Meurk, 
Landcare Research, pers. comm. 2010)).  The lowland ecosystems of Canterbury have been 
drastically modified and today are characterised by a patchwork of pastures and cereal and 
horticultural crops bordered by exotic macrocarpa (Cupressus macrocarpa Hartw. ex Gordon) 
windbreaks (Norton & Miller, 2000). Consistent with other regions, remnants of native 
vegetation within Waipara are most often found in less productive land such as gullies and 
steep hillsides (Jay, 2005). These remnants are dominated by divaricating shrubs such as 
Discaria toumatou (matagouri) and Coprosma spp. and are often subject to grazing (Primack, 
1978 ). Often, landowners see no value in preserving such remnants and they are completely 
removed. This occurred recently in North Canterbury where a 400 ha block of century old 
matagouri shrubland was removed regardless of its value in fixing nitrogen, sheltering stock, 
preventing soil erosion, providing food to native birds or potentially resources to the natural 
enemy of a pasture pest (Daly, 1969; Meurk et al., 2007; Primack, 1978 ). Meurk et al. (2007) 
estimates to rebuild such a remnant would cost over $40 million. Such estimates underline the 
importance of ensuring the value of matagouri-dominated remnants is fully appreciated. Then, 
if such clearances are deemed necessary, the decision can be a truly informed one.  
Matagouri is one of the most common shrubs present in remnant native vegetation of the 
Waipara valley. While Merton (1980) suggested this shrub may support natural enemies of a 
pasture pest, and Primack (1983) made a list of invertebrate visitors to matagouri flowers at 
Cass, South Canterbury, no attempt as yet has been made to quantify the impact such feeding 
may have upon invertebrate fitness. This study conducts a preliminary investigation into the 
use of matagouri by beneficial and pest arthropods in the Waipara valley. Observations of 
flower visitors and collection of resident arthropods was undertaken at four remnant native 
vegetation sites. Laboratory experiments determine the impact matagouri floral resources 
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have on beneficial and pest invertebrate longevities. Implications of the findings for pest 
management and consequently the conservation of matagouri-dominated remnants in New 
Zealand are discussed.  
 
5.3 Materials and methods 
 
5.3.1 Invertebrate visitors to matagouri floral resources & resident arthropods 
Observations of matagouri floral visitors at four sites in the Waipara valley were undertaken 
in October 2009 when plants were in full bloom. All sites were visited on the same day. 
Conditions were warm (between 18-23ºC) and all sites experienced full sun at time of 
observation and sampling. Vegetation at sites consisted, if not entirely then predominantly, by 
matagouri. Distance between plants was a maximum of 0.5 m, resulting in a dense cover of 
vegetation at all sites (see Plate 5.1 for an example of site vegetation). At each site a transect 
line was established through the matagouri and ten plants were randomly selected for 
observation and arthropod sampling. 
Observation protocols as set out by the Pollination Biology Research Group at Landcare 
Research were observed concerning instantaneous counts and observer behavior and clothing 
(Landcare Research, 2009 ). On approach to a plant an instantaneous count of visitors for the 
entire plant was recorded. Visitors were ascribed a recognizable taxonomic unit (RTU) and a 
specimen of each RTU was collected and returned to the laboratory for identification. A 
record was also made of each plants flowering density.  
After each plant observation, arthropods on a set area of foliage (0.12m
2
) were sampled. This 
was done at an approximate height above the ground of 1.10m. Flowering foliage was beaten 
using a soft wooden implement above a white collecting tray (10 standardised strikes were 
made per sample). Arthropods falling into this tray were transferred into pre-labeled 
collection jars and returned to the laboratory where abundance counts and taxonomic 
identification could be carried out. 
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Plate 5-1 Vegetation at one of the field sites adjacent to a Waipara vineyard. 
 
5.3.2 Use of matagouri floral resources by a beneficial invertebrate in the 
laboratory 
 The effect of matagouri floral resources on the longevity of D. semiclausum, a beneficial 
parasitoid of brassica crop systems, was determined through a laboratory experiment. The 
experiment consisted of newly emerged female and male parasitoids being randomly assigned 
one of two treatments: water only or matagouri flowers. The matagouri treatment also 
provided parasitoids with water using a water filled Eppendorf tube with a cotton wick. Male 
and female parasitoids were kept separate. Parasitoids were confined to treatments within 
deep Petri dishes and treatments were refreshed every day, or where not then every second 
day. Six replicates of each treatment were undertaken and survival of parasitoids checked 
daily. A two-way ANOVA using Genstat 12
th
 Edition was carried out to determine if 
treatments significantly differed. 
 
5.3.3 Use of matagouri floral resources by pest invertebrates in the laboratory 
 The effect of matagouri floral resources on the longevity of two Lepidopteran pests was also 
investigated in the laboratory. These were E. postvittana, a vineyard pest, and P. xylostella, a 
pest of brassica crops. The experimental design followed that of D. semiclausum (Section 
5.3.3), although, only female moths were tested. A Mann-Whitney U test was carried out to 
determine if significant differences existed between the two treatments of each experiment. 
  
 141 
 
5.4 Results 
5.4.1 Invertebrate visitors to matagouri floral resources & resident arthropods 
The floral display of matagouri plants may be considered high. The average floral density of 
plants surveyed across all sites was 839/0.12m
2
 ranging from 497 to 1170/0.12m
2
. Dense 
clusters of inflorescences present visible nectar at the base of shallow corolla (Plate 5.2). 
Consequently floral nectar and pollen are highly accessible to most visiting arthropods (Webb 
1985). Inflorescences last an average of 6.1 days with flowering in Canterbury occurring 
between October and November (Primack, 1983). Peak bloom in Waipara occurred in the last 
two weeks of October. These characteristics make matagouri a potentially rich source of 
pollen and nectar for arthropods within the Waipara landscape early in the growing season. 
 
 
Plate 5-2 The flowers of Discaria toumatou (matagouri) 
 
Floral visitors -observations 
A wide range of invertebrates were observed visiting the flowers of matagouri to feed or 
collect the nectar and or pollen of this plant (Table 5.1). Orders represented in observations 
included Coleoptera, Hymenoptera and Diptera with the latter two being the most abundant. 
All observed beetles were from the herbivorous Genus Dasytes (Melyridae). Commonly 
called soft-winged flower beetles, these were consuming the matagouri pollen. Diptera 
visitors included the syrphid Melangyna novae-zealandiae Macquart (Plate 5.3), which 
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accounted for 24-40% of diptera visitors across the four sites. Syrphids are generally 
recognized as beneficial in agriculture, not only for pest suppression but also for crop 
pollination (Feldman, 2006; Pontin et al., 2006). Other diptera were from the Muscidae 
family; although there were a number of diptera for which RTUs were not possible as 
specimens were unable to be captured. Hymenoptera visitors included the common honey bee 
Apis melifera Linnaeus (Apidae) (Plate 5.4), the native New Zealand bee Lassioglossum 
sordidum Smith (Halictidae) and two Ichneumonids; an unidentified species and Diadromus 
collaris Gravenhorst. This latter parasitoid is an established exotic biocontrol agent of the 
brassica pest P. xylostella (Beck & Cameron 1990). These observations include some species 
also recorded on matagouri flowers by Primack (1983) at Cass, South Canterbury. This Cass 
study (and work by Merton (1980)) also identified a number of tachinids (Diptera) and these 
parasitic wasps may have been among those diptera unidentified by RTUs during 
observations. 
 
Resident arthropods –beat samples 
Araneae, Coleoptera, Diptera, Hemiptera, Hymenoptera, Thysanoptera and Lepidoptera 
orders were all represented within beat samples (Table 5.1).  
Beat samples were dominated by beetles from the Chrysomelidae and Melyridae families. A 
small number of Coccinelids were also present. Thrips (Thysanoptera) were abundant, 
occurring at all sites and in over 70% of samples. Diptera were either of the family 
Agromyzidae (leaf minor flies) or Cecidomyiidae (gall flies). Hemiptera were predominantly 
of the Miridae family while a number of other unidentified hemiptera species were present. 
Araneae accounted for between 4 and 8% of the sampled taxa of each site. Spider families 
included Theridiidae, Thomisidae and Oxyopidae. The small number of Hymenoptera 
collected included members of both the Chalcidoidea and Ichneumonidae families. 
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Table 5-1 Taxa recorded from plant observations and beatings of matagouri in 
Waipara. 
 
Taxa from floral visitation observations 
 Order Family Species 
 
 
Diptera (39-87%)* Syrphidae Melangyna novae- zealandiae (Macquart) 
  Muscidae Unidentified spp. 
 Hymenoptera (4-55%) Apidae Apis melifera (Linnaeus) 
  Ichneumonidae Diadromus collaris (Gravenhorst) 
   ichneumonid sp. 
  Halicidae Lasioglossum sordidum (Smith) 
 Coleoptera (2-14%) Melyridae Dasytes sp. 
    
Taxa from beat samples 
 Order Family  
    
 Coleoptera (21-96%) Chrysomelidae 
  Melyridae (Dasytes sp.) 
  Coccinellidae  
 Thysanoptera
1
  Unidentified spp. 
 Diptera (8-10%) Agromyzidae  
  Cecidomyiidae 
 Hemiptera (3-36%) Miridae  
  Unidentified spp. 
 Araneae (4-8%) Theridiidae  
  Thomisidae  
  Oxyopidae  
 Hymenoptera (1-5%) Chalcidoidea  
  Ichneumonidae (ichneumonid sp.) 
  Lepidoptera
2
 Unidentified spp. 
*Proportions of taxa across the four study sites 
1
Large numbers present at one of the study sites. Other sites ranged 13-33% of taxa 
2
Only one individual observed 
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Plate 5-3 The syrphid Melangyna novae-zealandiae visiting a matagouri plant 
 
 
Plate 5-4 Apis melifera (Apidae), an important crop pollinator, visiting matagouri 
flowers 
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5.4.2 Use of matagouri floral resources by a beneficial invertebrate in the 
laboratory 
 There was a significant effect of treatment on D. semiclausum longevity (F1,15=189, 
P<0.001). While there was no significant effect of sex, there was an interaction between 
treatment and sex (F1,15=5.56, P=0.03) (Figure 5.1). Females lived significantly longer than 
males when provided matagouri flowers but gender difference was not significant when 
provided with water only. Mean±SE longevity (days) with matagouri was 12.2±0.6 (range 11-
14 days) for female parasitoids and 9.5±0.9 (range 7-13 days) for males. Mean±SE longevity 
with water was 2.6±0.2 (range 2-4). 
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Figure 5-1 Mean (±SE) longevity of D. semiclausum provided with either water only or 
matagouri flowers. Interaction LSD (5%) = 1.81 (indicated in the figure by 
‘A’) 
5.4.3 Use of matagouri floral resources by pest invertebrates in the laboratory 
Epiphyas postvittana 
No significant effect of treatment on E. postvittana longevity was observed (U6,6 =15.5, P = 
0.693). Median longevity with matagouri was 13 days and with water was 13.5 days. 
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Plutella xylostella 
There was a significant effect of treatment on the longevity of P. xylostella (U6,6 = 0.05, P = 
0.002). Compared to water only, moths lived significantly longer with matagouri treatments. 
Median longevity with matagouri was 22 days and with water only was 11.5 days. 
5.5 Discussion 
A diverse arthropod assemblage was observed either visiting the flowers or inhabiting the 
foliage of matagouri shrubs in the Waipara valley. These included species that provide 
agriculture with two valuable ecosystem services: pollination and biological control of pests. 
 
Pollination services 
Apis melifera, L. sordidum and M. novae-zelandiae were frequent visitors to matagouri 
flowers. All of these species have been identified as crop pollinators of varying importance in 
New Zealand (Rader et al., 2009). While in New Zealand A. melifera is regarded as the most 
important crop pollinator, recent studies in this country are gradually learning of the 
importance of wild pollinators for crop production (Howlett et al., 2005; Howlett et al., 2009; 
Rader et al., 2009). Radar et al. (2009) found both L. sordidum and M. novae-zelandiae 
pollinated Brassica rapa (Brassicaceae) in Canterbury and that such „free‟ wild pollinator 
services would be capable of undertaking those services of managed honey bees (A. melifera). 
The comparison of wild pollinators with A. melifera arises out of concern for this managed 
pollinators recent decline (Cox-Foster et al., 2007; Stokstad, 2007) and the consequent 
concept that native bees may provide „pollinator insurance‟ (Winfree et al., 2007). Insuring 
populations of wild pollinators are maintained within New Zealand‟s agricultural landscape 
may partially depend on insuring that adequate non-crop habitat is present (Blanche et al., 
2006; Rader et al., 2009; Ricketts et al., 2008 ; Stokstad, 2006). Non-crop vegetation such as 
matagouri remnants are likely to provide alternative food and shelter to wild pollinators, 
which may result in higher populations of these invertebrates within the landscape (B. 
Howlett, Crop & Food Research, pers. comm.). 
 
Biocontrol services 
Frequent floral visitors included hoverfly and Ichneumonid parasitoids; both considered 
valuable biocontrol agents of crop pests, while resident arthropods included spiders; a taxon 
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renowned for its broad pest control capabilities (see Section 4.2.4.2.3). Their presence 
indicates matagouri remnants provide suitable resources (alternative food/prey and shelter) to 
these natural enemies. As a consequence their individual or population fitness within 
agricultural landscapes may be enhanced. This was supported by laboratory experiments 
which suggested the floral resources of matagouri can significantly enhance the longevity of 
visitors to this shrub. However, similar to experiments made earlier in this study (Chapter 3), 
the impact of the floral resource was species-specific. Consequently one cannot assume all 
arthropods (pest or natural enemy) will benefit from matagouri floral resources.  
While matagouri flowers enhanced the longevity of the parasitoid D. semiclausum it also 
benefitted that of its host P. xylostella. This raises issues about the selectivity of matagouri 
floral resources (see Section 3.2), although, as in previous experiments the relative impact of 
the floral resource was greater upon the natural enemy than the pest and this may override the 
need for strict floral resource selectivity (see Section 3.5.3).  
The other invertebrate tested with matagouri flowers was E. postvittana. Results indicate this 
vineyard pest would not benefit from matagouri floral resources in the field. Consequently 
any remnant of matagouri adjacent to vineyards is unlikely to exacerbate problems associated 
with this pest, although, if matagouri is a suitable host plant for E. postvittana, this may 
require re-evaluation.  
The matagouri in Waipara was flowering from October to November; consequently, the 
ability of this plant‟s floral resource to enhance the fitness of arthropods is limited to early in 
the growing season. This may result in an earlier build up of natural enemies than would 
otherwise occur if matagouri were absent, and result in more effective early season 
suppression of pests in adjacent crops (see Section 4.4.3). However the overall impact of 
flowering matagouri will likely depend on local factors such as the quantity of other floral 
resources available to natural enemies at that time (Jonsson et al., 2008; Tscharntke et al., 
2005). 
While remnants of matagouri may be supporting populations of natural enemies, it does not 
necessitate improved pest control in adjacent crop fields (Mclachlan & Wratten, 2003). For 
this to eventuate dispersal of natural enemies from remnants to the crop is required. 
Understanding natural enemy (and pest) dispersal is critical to CBC (Corbett, 1998; Jervis et 
al., 2004; Lavandero et al., 2004) and several marking and tracking techniques have been used 
to investigate natural enemy movement between non-crop refuges and the crop (Lavandero et 
al., 2004; Thomas, 2001). Therefore further work investigating the movement of floral 
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visitors observed on matagouri would provide greater clarity on this plant‟s indirect impact on 
pests in adjacent crops. In general however, the matagouri remnants in Waipara are few and 
far between and new populations of this plant would be required to achieve any effect on most 
crop farms. 
This study, like that of Primack (1983), only recorded diurnal floral visitors. Nocturnal 
observations would likely reveal a different assemblage of floral visitors (Newstrom & 
Robertson, 2005) and would provide a more complete picture of the invertebrates which may 
be benefiting from this plant‟s floral resources.  
 
When confronted with either agricultural extensification or intensification, ensuring 
biodiversity is preserved to a level which maintains valuable ecosystem functions would 
appear prudent. Understanding the value of matagouri remnants which remain in North 
Canterbury, in terms of their potential contribution of ecosystem services such as biological 
control and pollination, will provide both land owners and government with greater 
information to ensure protection of these remnants is justified, or their continued loss 
unregretful. The findings reported here would suggest matagouri remnants provide significant 
floral resources to arthropods early in the growing season. While further research is required 
to clarify the impact that may have on specific crop pests (and quantify it economically), it 
would appear wise to conserve such remnants until such clarity can be gained. 
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     Chapter 6 
Vineyard biodiversity trails: realising the marketing 
value of native plants to New Zealand wineries 
6.1 Abstract 
Most research on winery visitation to date has focused on the experiences of visitors within 
the tasting room or cellar door, ignoring the role and value of the winery setting, including the 
vines, trails and gardens to visitors. The perceptions and experiences of winery customers 
regarding the Greening Waipara project and the biodiversity trail was determined through 220 
face-to-face questionnaires undertaken at two Waipara wineries between October 2008 and 
May 2009.  
Of those surveyed, most were from towns or cities, had a degree or higher qualification and 
judged themselves to have an intermediate to advanced knowledge of wine. The majority of 
respondents had not heard of the Greening Waipara project or the biodiversity trail at the 
winery they had just visited. However once told about the trail over 70% of these people were 
interested or very interested in walking the trail. Of those who walked the biodiversity trail, 
86% agreed that it added to their experience at the winery, 43% agreed that they felt more 
connected to that particular winery and 22% agreed that they were more likely to buy wine 
from the winery after taking the trail.  
Findings demonstrate that native plant biodiversity trails add positively to a visitor‟s winery 
experience and that this is likely to strengthen their brand loyalty to a winery or indeed wine 
region. 
 
6.2 Introduction 
Initiated in 2005, the Greening Waipara project (http://bioprotection.org.nz/greening-waipara) 
sought to re-establish native New Zealand plants within the Waipara landscape and to 
increase grower adoption of sustainable agricultural practices. Collaboration between the 
Waipara valley Winegrowers Inc., local council & community, Lincoln University and 
Landcare Research meant that by 2009 over fifty properties of the Waipara valley had become 
involved. The establishment of native New Zealand plants within vineyard properties was 
proposed as a form of ecological engineering (Gurr et al., 2004) to enhance „ecosystem 
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services‟ (Costanza et al., 1997; Daily et al., 1997) which would have tangible values for 
growers and improve the sustainability of the area‟s wine production. Potential values of 
native plants included erosion management, enhanced biological control of pests, filtration of 
winery effluent, biodiversity conservation, marketing and eco-tourism.  
The intentional use of native New Zealand plants to improve vineyard sustainability is a novel 
one. Consequently, the uniqueness of the project presented potential for eco-tourism and point 
of difference marketing opportunities, of which, according to a 2005 North & South magazine 
article, it was in dire need; “Waipara…at present it‟s suffering an identity crisis and…is under 
immense pressure from two other similarly-sized, pinot-focused regions, namely super-
fashionable Central Otago and the oft–confused Wairarapa...few wineries have attractive or 
interesting cellar-door facilities…the fact remains, a wine region is only as good as its 
reputation and Waipara has plenty to work on” (Bennet, 2005).  
Point of difference marketing refers to the promotion of product uniqueness and the creation 
of a market niche (Porter, 1998 ), which may be seen as critical to small wineries (Ivankovic 
et al., 2005; Richardson & Dennis, 2003; Saes, 2006)  such as those of the Waipara valley. By 
combining good wine with good environmental practices the Waipara wine growers hoped to 
create such a point of difference, creating a unique reputation that would aid both domestic 
and international wine sales from the region. As part of the Greening Waipara project, what 
are believed to be the worlds‟ first vineyard biodiversity trails were established at four winery 
cellar doors. These trails informed visitors of the winery‟s participation within the project and 
presented to walkers the values that native plant species may have within the vineyard 
environment. These trails thus effectively communicated to winery visitors the point of 
difference which the region was attempting to capture. Due to the trails‟ natural setting and 
educational content, an opportunity for ecotourism was provided which may generate 
environmental and economic benefits for the local community (Beeton, 1998). 
As a world first, the degree to which such trails successfully impart knowledge of what the 
grower is undertaking in terms of improved agricultural sustainability was unknown before 
the current work, as was the ability of the trail to influence consumer purchasing decisions or 
to enhance brand loyalty and brand reach (Keller & Lehmann, 2006; Keller & Webster, 
2009). A number of recent studies have shown that consumers are increasingly integrating 
environmental considerations into their purchasing decisions (Barber et al., 2009) and are 
willing to pay a premium for environmentally produced products (Bazoche et al., 2008 ; 
Loureiro, 2003). 
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Recent work has shown that consumers in New Zealand want to be informed about which 
wines have been produced using environmentally sustainable practices and that there exists a 
significant demand for sustainably produced wine in this country (Forbes et al., 2009). 
Similarly a growing awareness of environmental issues in overseas markets, including New 
Zealand‟s primary wine export destinations Great Britain, United States and Australia is 
leading to increased demand for verifiably „green‟ products (Campbell, 1999). Wine 
consumers are known to place value on intangible dimensions of wine production such as 
sustainable vineyard practices (Hall & Mitchell, 2008 ), practices which in turn may be 
marketed to the increasingly environmentally aware consumer (Bisson et al., 2002). These 
changing consumer tastes require wine producers to shift from a product-oriented industry to 
a market-oriented globalised business (Lindgreen & Beverland, 2004) where these „green‟ 
consumers‟ demands may be addressed. Although New Zealand wine growers supply less 
than 2% of the world‟s wine, its share of the high-end price-point market is 18% (P. Manson, 
NZWG, pers. comm. 2009).  This makes the „green‟ demand of consumers an especially 
pertinent consideration for New Zealand wine exports as it is this high-end target market 
where consumer demands for sustainable production is greatest.  
Vermeir & Verbeke (2006) infer that by communicating clearly to consumers the benefits of 
sustainable production and improving their knowledge of agricultural practices, consumers 
will be better able to make informed purchase decisions. The ability of the biodiversity trails 
established by Waipara wineries to undertake this communication and improve winery visitor 
knowledge with regards to the value of biodiversity within vineyards is investigated here, as 
is the degree to which the trail itself is promoted to winery visitors. If awareness of the 
Greening Waipara project and the biodiversity trails is low, there exists the potential for 
greater promotion and therefore increase the opportunities to enhance winery visitor 
experiences. 
Past studies have shown that for both the individual winery and the region, winery visitation 
plays an important role for positive brand development (Dodd, 2000; Hall et al., 2000a; King 
& Morris, 1999; O‟Neill & Charters, 2000). The provision for winery visitors to go „behind 
the scenes‟ and learn about how the wine is produced may be called „consumer experience 
tourism‟ and has been linked to increased brand loyalty (Mitchell & Mitchell, 2000; Mitchell 
& Orwig, 2002). Mitchell, Montgomery & Mitchell (2004) state: “Ultimately, the bond 
between consumers and brands may be strengthened by the availability of such consumer 
experiences”. Similarly Fountain, Fish and Charters (2008) found that an emotional 
connection between the visitor and the winery rather than simply good wine or service is 
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required to establish effective brand loyalty. Work conducted by Mitchell & Hall (2004) 
investigated the post-visit consumer behaviour of New Zealand winery visitors. More than 
46% of visitors to New Zealand wineries have been shown to make post-visit purchases up to 
six to eight months following their visit.  
If it can be seen that the trails are adding positively to the experience of winery visitors they 
could thus be responsible for future enhancement of brand loyalty and increased post-visit 
wine purchases. If demonstrated, this would reflect a clear ecosystem service that could be 
attained from establishing native vegetation. 
 
Consequently, hypotheses examined within this chapter include:  
(i) Promotion of the trail will directly influence the likelihood of winery visitors walking the 
biodiversity trail 
 (ii) The trail will educate winery visitors about the benefits of biodiversity in vineyards. 
 (iii) The trail will enhance the experience of winery visitors, making them feel more 
connected to that winery 
(iv) Winery visitors who walk the trail will be more likely to buy wine at the winery 
 
6.3 Methodology 
From October 2008 to April 2009, data were collected using an interviewer-administered 
questionnaire at two properties. The questionnaire had been designed primarily by Joanna 
Fountain (Senior Lecturer in Tourism, Lincoln University) who also provided guidance for its 
implementation and data analysis. Potential participants were approached as they departed the 
winery property and asked if they would like to undertake the survey. All participants were 
confirmed to be over 18 years of age. From 11
th
 April, winery visitors were given information 
(brochure) about the trail on entering the property and asked if they would like to participate 
in the survey when they had finished their visit. 39 of the 66 survey respondents who walked 
the biodiversity trail had been approached in this manner. The remainder were only 
approached as they left the winery and had not been given any information about the trail by 
surveyors prior to their visit. Interviews were conducted at the exit/entrance to the winery 
building (outdoors) between 10am and 5pm on various days of the week. The survey itself 
consisted of 38 questions and took between five and fifteen minutes to complete. Respondents 
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answered a series of questions regarding their winery and vineyard experience with particular 
emphasis on the biodiversity trail (see Appendix 9 to view the survey approved by the 
Lincoln University Ethics Committee). There were 220 respondents who agreed to take part 
in the survey. Due to low visitor numbers at one of the wineries only eight percent (18) of the 
surveys were collected from this property. This smaller winery provides a wine tasting facility 
and is well known to wine tour operators. All those walking a biodiversity trail were 
interviewed at the other larger winery. This second winery provided a cellar door tasting 
facility and a restaurant. Being a well-known tourist destination total visitor numbers was 
significantly higher than that of the first winery.  
Data analysis 
Responses to questions for each individual were entered into SPSS Statistical Software 
(Coakes & Steed, 2003). Frequencies, proportions and cross-tabulation for variables were 
constructed using SPSS. Pearson Chi-squared tests were used to test for significant 
differences between those participants which walked the biodiversity trail and those which did 
not with regards to demographic characteristics, motivations to visit the winery and their 
response to the concept of the biodiversity trail. 
 
Plate 6-1 A biodiversity trail established at a Waipara winery cellar door. Note the 
information boards beside the trail – which itself is made from crushed 
recycled wine bottles. 
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6.4 Results 
6.4.1 Participants 
Of the 220 survey participants, 66 had walked the biodiversity trail. Of the remaining 154 
respondents 41 either chose not to walk the trail or when made aware of the trail, indicated 
they were not interested in walking the trail (non-walkers). The demographics of these 
respondents are displayed in Table 6.1. Pearson Chi-squared tests confirmed that the 
demographics of these three groups did not significantly differ from each other. 
Overall, the participants were 114 males and 106 females with an age range from 20 to 70+ 
years. Of those surveyed, most were urban, resided in Canterbury, had a degree or higher 
qualification, consumed and bought wine daily or weekly and judged they had an intermediate 
to advanced knowledge of wine. These demographics including the high level of education 
and wine knowledge are consistent with numerous other studies involving winery visitors 
(Beverland et al., 1998; Hall et al., 2000b; Longo, 1999). The proportion of international 
respondents (38%) was higher than in studies by Mitchell (1999) but was similar to a national 
survey conducted in New Zealand by Alonso (2005). 
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Table 6-1 Summary demographics for survey participants 
Respondent demographics 
  
Trail walkers Non-walkers Overall 
f* % f % f % 
Gender 
Male 37 56.1 24 58.5 114 51.8 
Female 29 43.9 17 41.5 106 48.2 
Total 66 100 41 100 220 100 
  
Age 
20-29 12 18.2 6 14.6 33 15 
30-39 16 24.2 8 19.5 46 20.9 
40-49 9 13.6 8 19.5 41 18.6 
50-59 10 15.2 8 19.5 45 20.5 
60-69 13 19.7 7 17.1 41 18.6 
70+ 6 9.1 4 9.8 14 6.4 
Total 66 100 41 100 220 100 
  
Dwelling 
Urban 56 84.8 39 95.1 187 85 
Rural 10 15.2 2 4.9 33 15 
Total 66 100 41 100 220 100 
  
Place of residence 
Canterbury  31 47 17 41.5 100 45.5 
Rest of South Island 0 0 4 9.7 5 2.3 
North Island  8 12.1 5 12.2 31 14.1 
International 27 40.9 15 36.6 84 38.2 
Total 66 100 41 100 220 100 
  
Education achieved 
Higher degree 23 34.8 12 29.3 65 29.5 
Degree 21 31.8 17 41.5 74 33.6 
Other tertiary qualification 1 1.5 0 0 1 0.5 
Trade qualification 11 16.7 6 14.6 41 18.6 
High school certificate 7 10.6 6 14.6 34 15.5 
No formal qualification  3 4.5 0 0 5 2.3 
Total 66 100 41 100 220 100 
Level of wine knowledge 
Advanced 9 13.6 8 19.5 35 15.9 
Intermediate 40 60.6 22 53.7 118 53.6 
Basic 16 24.2 10 24.4 60 27.3 
No prior knowledge 1 1.5 1 2.4 7 3.2 
Total: 66 100 41 100 220 100 
*f = frequency of demographic (actual number of respondents) 
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Table 6.2 presents the reasons why people chose to walk the biodiversity trail. Over a third 
indicated they did so to explore the garden, a quarter said they wanted to explore the vineyard 
environment, while 12% wanted to learn about the Greening Waipara project and or 
biodiversity. Other reasons included: filling in time, because someone else wanted to, to 
stretch legs after lunch/tasting, to get some exercise and because of surveyors. Over two thirds 
of walkers spent between 5 and 15 minutes on the trail with 29% spending more than 15 
minutes and only 4% spending less than five minutes on the trail. 
Table 6-2 Reasons cited by respondents for walking the biodiversity trail 
 Main reason for walking the trail f* % 
To explore the garden 25 37.9 
To explore the vineyard environment 17 25.8 
To learn about the GW project / biodiversity 8 12.1 
To fill in time 6 9.1 
Because someone else wanted to  4 6.1 
To stretch legs after lunch/tasting etc. 2 3 
To get some exercise 2 3 
Because of surveyors  2 3 
Total 66 100 
*f = frequency of demographic (actual number of respondents) 
 
There were 20 respondents who were aware of the trail during their visit but chose not to walk 
it. Reasons for their not doing so are presented in Table 6.3. Most (70%) cited „No time‟ as 
the main reason for not walking the trail.  
Table 6-3 Respondents choosing not to walk the trail 
 Reasons for not walking the trail f* % 
No time 14 70.0 
Personal physical constraints 3 15.0 
Have walked this trail before 2 10.0 
Not interested in these issues 1 5.0 
Interpersonal constraints 0 0.0 
Been on similar trail elsewhere 0 0.0 
Total 20 100 
*f = frequency of demographic (actual number of respondents) 
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After surveyors made respondents aware of the trail, 21 indicated they would not have been 
interested in walking it. Their main reasons for this were „No time‟ (57.1%) and „Not 
interested in these issues‟ (23.8%) (Table 6.4). 
 
Table 6-4 Respondents not interested in walking the trail 
 Reasons for not being interested in walking the trail f* % 
No time 12 57.1 
Not interested in these issues 5 23.8 
Personal physical constraints 2 9.5 
Interpersonal constraints 1 4.8 
Been on similar trail elsewhere 1 4.8 
Total 21 100.0 
*f = frequency of demographic (actual number of respondents) 
 
Chi-squared tests revealed no significant differences between those walking the trail and those 
choosing not to/uninterested were found with respect to their motivations for visiting the 
winery (Table 6.5). Overall the respondents main motivations for visiting the winery included 
eating at the winery (29.1%), having a day out with friends and family (26.4%) and tasting 
wine (25.9%). Viewing the regional landscape was a main reason given by 7.3% of 
respondents; slightly more than those motivated by purchasing wine (5.5%). Other reasons 
such as learning about wine-making or wine tasting and touring the winery or vineyard were 
of only minor importance.  
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Table 6-5 Respondents main reason for visiting the winery 
 Main reason for visiting winery Trail walkers Non-walkers Overall 
 f* % f % f % 
Eating at the winery restaurant 23 34.8 12 29.3 64 29.1 
Having a day out with friends and 
family 
18 27.3 9 22 58 26.4 
Tasting wine 13 19.7 14 34.1 57 25.9 
Viewing the regional landscape 5 7.6 2 4.9 16 7.3 
Purchasing wine 1 1.5 3 7.3 12 5.5 
Touring the winery buildings 2 3 0 0 3 1.4 
Touring the vineyard 1 1.5 0 0 3 1.4 
Learning about wine making 1 1.5 1 2.4 2 0.9 
Learning about wine tasting 0 0 0 0 1 0.5 
Sub-total 64 97 41 100 216 98.2 
Missing values 2 3 0 0 4 1.8 
Total 66 100 41 100 220 100 
*f = frequency of demographic (actual number of respondents) 
In addition to their main reason to visit the winery, all participants were asked to rate the 
importance of certain factors in their decision to visit the winery (Table 6.6).  
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Table 6-6 Importance of factors in deciding to visit the winery 
Factors in deciding to visit winery n Mean* Std. Dev. Skew Kurtosis 
Having a day out with friends/family  220 1.81 1.14 1.668 2.119 
Viewing the regional landscape  220 2.32 1.03 1.011 0.848 
Tasting wine  220 2.39 1.25 0.767 -0.338 
Eating at the winery restaurant  219 2.69 1.59 0.444 -1.302 
Purchasing wine  220 3.18 1.25 0.031 -1.061 
Touring the vineyard 220 3.45 1.23 -0.171 -1.039 
Touring the winery building  220 3.51 1.26 -0.229 -1.151 
Learning about wine tasting  220 3.45 1.17 -0.278 -0.858 
Learning about wine making  220 3.70 1.21 -0.498 -0.858 
Learning about the Greening Waipara project  220 4.04 1.12 -0.718 -0.735 
Learning how to cellar wines  220 4.31 0.92 -1.133 0.218 
*Mean calculated using a 5-point interval scale, where 1= very important, 5= not important at 
all. (n = sample size). 
The mean scores of Table 6.6 indicate some factors are clearly more motivating than others in 
determining a winery visit. Having a day out with friends and family, viewing the regional 
landscape, tasting wine and eating at the winery restaurant all had mean scores above 3 in a 5-
point interval scale indicating these to be the most important factors influencing a visitor‟s 
decision to visit the winery.  
 
6.4.2 Awareness of the Greening Waipara project and the biodiversity trail 
The Greening Waipara project has been presented to the public via several media, including 
signs at public areas (school, railway station, roadside etc) and at participating wineries, 
newspaper articles, newsletters and brochures, internet resources, and a television news story 
broadcast on TV One in 2005. Winery visitors may also have been made aware of the project 
due to work affiliations or word of mouth (Keller, 2007). Of the 220 survey respondents 25 
(11.4%) had heard of the project prior to their winery visit that day, of which most (17) were 
  
 160 
from the Canterbury region while others resided in the North Island (5) or internationally (3). 
These respondents had initially become aware of the project from several means (Table 6.7) 
including; a previous visit to a Waipara winery (28%); word of mouth (24%); newspaper 
articles (20%); a project brochure (16%); work affiliations (8%) or the TV One News story 
(4%). 
 
Table 6-7 Media by which respondents became aware of the Greening Waipara 
project, n=25 (aware of project before their visit to the winery that day). 
Media causing initial awareness  f* % 
Previous visit to Waipara winery 7 28 
Word of mouth (friends, family, work) 6 24 
Newspaper article 5 20 
Greening Waipara newsletter/brochure 4 16 
Through work 2 8 
TV News 1 4 
Total 25 100 
*f = frequency of demographic (actual number of respondents) 
 
Means by which winery visitors could become aware of the biodiversity trail during their visit 
included signage at the winery, brochures available in the tasting room, being informed by 
winery staff or by coming across it while walking around the grounds. Respondents may also 
have heard of the biodiversity trail from local newspaper articles or Greening Waipara 
brochures preceding their visit that day.  
Prior to winery visitors being handed on entry information about the trail (pre-April), only 
25% of participants were aware the biodiversity trail existed after their visit. Of those, most 
had become aware of the trail due to signage at the winery (61%) or had come across it while 
walking around the grounds (23%). Few respondents had learnt of its existence from staff at 
the winery (7%), word of mouth (5%), the brochure in the tasting room (2%) or print media 
(2%) (Table 6.8). 
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Table 6-8 Means by which respondents had leant of the trail, n=177 (respondents not 
handed a brochure on entry to the winery). 
Means of initial awareness of the trail f* % 
From signage at the winery 107.97 61.0 
Came across it while walking around the grounds 40.71 23.0 
From staff at the winery 12.39 7.0 
Word of mouth (friends, family, colleagues etc) 8.85 5.0 
From a brochure in the tasting room 3.54 2.0 
Newspaper/TV report/Other print media 3.54 2.0 
Total 177 100 
*f = frequency of demographic (actual number of respondents) 
Of those who were aware of the trail, over 75% walked it. Of those who were not aware of the 
trail, 70% were interested or very interested in walking the trail. As stated in the previous 
section (3.1) not having enough time (57.1%) or not being interested in these issues (23.8%) 
were the predominant reasons given by respondents for being uninterested in walking the 
trail. 
6.4.3 The learning experience provided by the biodiversity trail 
Respondents who had walked the trail were asked to show their level of agreement to several 
statements regarding the biodiversity trail, including trail layout and to what degree they 
believed their knowledge regarding certain aspects of the vineyard environment had been 
enhanced (Table 6.9).  
The trail visited by respondents (at the larger winery property) presented visitors with an 
introductory board at its start followed by over 30 smaller signs containing information about 
the native plants‟ or faunal shelters (man-made refuges for lizard (Squamata) and weta 
(Orthoptera spp.)) besides which they were positioned. The aim of the trail, stated on the 
introductory boards, read; “to introduce you to the value of returning New Zealand‟s native 
biodiversity to working vineyards” and goes on to inform readers that “biodiversity can 
enhance the winegrowing business by providing a range of “nature‟s services”.” Information 
on the smaller signs often included the potential natures‟ services which the plant species may 
provide within the vineyard. For example, one sign states: “Nectar from the flowers is high in 
sugars which can enhance the effectiveness of biological control insects such as ladybirds and 
parasitic wasps. In Waipara it is beginning to replace the familiar but non-native rose bushes 
at the end of vine rows”, while another sign states: “In Waipara vineyards it [Leptinella 
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minor] provides nectar for beneficial insects and suppresses weeds, reducing weedkiller 
costs”. 
Table 6.9 presents responses from winery visitors regarding trail layout and presentation. 
Roughly half (53%) agreed that access on the trail was good for all abilities; those who 
disagreed with this probably did so as the trail was not wheelchair accessible and involved 
steps, and at times wet grass, to be negotiated. 58% did not believe more information on the 
trail was necessary, 44% indicated they had not read all the information on the trail and 62% 
did not think the trail presented too much information. The majority agreed that the signs of 
the trail connected well to displays and plants while over a third thought the trail should be 
longer. 
Table 6-9 Mean scores of respondents assessment of trail layout and presentation 
Descriptions of trail layout and presentation  Mean* Std. Dev. Skew Kurtosis 
There was a good connection between the signage  
and the displays 1.76 0.7 0.927 1.564 
There was a good connection between the signage  
and the plants 1.86 0.82 1.122 1.373 
The trail should be longer 2.76 1.15 0.12 -0.619 
Access on the trail is very good for all abilities 2.83 1.2 0.165 -1.309 
I read all the information on the trail today 3.06 1.12 -0.257 -0.949 
I would have liked more information on the trail 3.52 1.04 -0.337 -0.783 
The trail presented too much information to absorb 3.61 0.96 -0.528 -0.218 
*Note: Mean scores were measured using a 5-point interval scale, where 1=strongly agree, 
5=strongly disagree 
 
With respect to enhancement of visitor knowledge, the majority of respondents agreed that the 
trail had enhanced their knowledge of the value that biodiversity (64%), insects (68%) and 
native plants (67%) have within the vineyard; fewer participants (47%) believed they knew 
more of the value birds have within the vineyard environment (Figure 6.1). 
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Figure 6-1 Agreement of respondents to statements concerning the trails educational 
content. 
 
General comments of survey participants revealed several aspects of the trail that were 
appreciated as well as some recommendations for trail improvements (Table 6.10). Comments 
have been grouped into their main themes. For example, the respondent comment of: “The 
knowledge it provided” given in response to the survey question “What you enjoyed most 
about the trail?”, was grouped under the trail aspect „The learning experience‟. Similarly, 
aspects of the trail appreciated by those walking it included: the learning experience, the 
presentation of information, the specific learning of native plant uses in wine production and 
the landscape. Other aspects mentioned included the learning of Maori names and uses of 
native plants, the trail‟s uniqueness, the trail‟s serenity and proximity to the winery and the 
opportunity for exercise and fresh air. Recommendations to improve the trail centred on 
making it longer, while other suggestions included having insect displays, linking the trail to 
the actual vineyard and improving relevance of information to vineyard practices and 
improving trail access for disabled people. Some respondents were unsure where the trail 
began and finished and so suggested this be made clearer.  
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Table 6-10 General comments on the biodiversity trail 
Aspects of the trail appreciated Number of respondents cited 
The learning experience 9 
Layout, presentation of information 9 
Learning use of native plants in production 8 
The landscape/scenery 8 
Learning Maori names and uses of plants 5 
Uniqueness 4 
Serenity 3 
Proximity to winery 3 
Exercise and fresh air 2 
  
Recommendations for trail improvement 
Trail needs to be longer 18 
Allow viewing of insects on trail 10 
Link trail to vineyard / greater vineyard application 9 
Access for disabled 9 
Clearly indicate the start of the trail  8 
Link end of trail back to the trail‟s start 8 
 
6.4.4 Wine purchasing behaviour and potential brand loyalty of winery visitors 
Although the trail did not appear to directly influence wine purchasing at the cellar door, 
responses from winery visitors suggested it enhanced their visitor experience which in turn 
may improve brand loyalty. Table 6.11 displays the wine purchasing and consumption levels 
of respondents. Overall 45% bought wine weekly or daily, 85.9% consumed wine weekly or 
daily and 42.7% bought wine to take away the day of the survey. Although those walking the 
trail displayed higher levels of wine purchasing and consumption compared to non-walkers, 
Pearson Chi-squared tests revealed no significant differences. 
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Table 6-11 Purchasing and wine consumption levels of winery visitors  
Levels of purchasing & 
wine consumption 
Trail walkers 
n=66 
Non-walkers 
n=41 
Overall 
n=220 
 f* % f % f % 
Bought wine weekly or 
daily 33 50.0 18 43.9 99 45.0 
Consumed wine weekly or 
daily 58 87.8 32 78.1 189 85.9 
Bought wine that day 22 33.3 13 31.7 94 42.7 
*f = frequency of demographic (actual number of respondents) 
 
Cross tabulation of responses revealed that while only 5.5% of all respondents gave 
purchasing wine as a main reason to visit the winery (Table 6.5), a third indicated it as an 
important or very important additional factor for their visit. For those taking wine home, 13% 
listed purchasing wine as their main reason to visit and 77% said it was an important or very 
important factor for their visit.  
Similar to overall responses, respondents who bought wine that day were mainly drawn to the 
winery to taste wine (34%), eat at the restaurant (22%) or to have a day out with friends and 
family (21%).  
There was no correlation between those walking the biodiversity trail and those buying wine. 
Interestingly, 60% of those agreeing with the statement „I am more likely to buy wine from 
this winery after taking the trail‟ did not in fact buy wine; perhaps indicating the influence of 
the trail would take effect upon post-visit purchases rather than during the onsite visit. 
The effects of the biodiversity trail on winery visitor experiences are shown in Figure 6.2. Of 
those who walked the trail, a large majority (86.4%) agreed that the trail added to their 
experience at the winery while only 6% disagreed. Many (43.9%) agreed that they felt more 
connected to that particular winery while 27.2% disagreed and 22.8% agreed that they were 
more likely to buy wine from the winery after walking the trail, while 53% disagreed.  
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Figure 6-2 Effect of the biodiversity trail on winery visitor experiences, n = 66. 
 
Respondents who had walked the trail were asked if they would recommend it to others 
visiting Waipara; over 80% of respondents said they would do this. It would appear then that 
the trail was viewed by winery visitors as a positive experience and caused a substantial 
minority to indicate the experience was likely to influence their purchasing decisions. 
 
6.5 Discussion 
6.5.1 Participants 
Demographics of respondents were similar to other studies undertaken in New Zealand 
(Alonso, 2005) with the majority having attained a tertiary degree or higher qualification, 
being urban, consuming and buying wine daily or weekly and judging themselves to have an 
intermediate to advanced knowledge of wine. Analysis of these characteristics as well as age, 
gender and place of residence showed those walking the trail did not significantly differ from 
those which either chose not to walk the trail or were uninterested in walking the trail. 
Similarly no significant differences in respondents‟ motivations for visiting the winery were 
found between walkers and non-walkers. This would indicate that biodiversity trails such as 
those studied here may be of interest to the general winery visitor demographic. 
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6.5.2 Awareness of the Greening Waipara project and the biodiversity trail 
The majority of respondents had not heard of the Greening Waipara project or the biodiversity 
trail at the winery they had just visited. Once told about the trail over 70% of these people 
were interested or very interested in walking the trail. This provides direct support for 
hypothesis (i) Promotion of the trail will directly influence the likelihood of winery visitors 
walking the biodiversity trail, as unsurprisingly promotion of the trail leads to greater 
awareness by winery visitors who can choose to walk the trail only if they are aware of its 
existence.  
Except for internet resources, all media of promotion for the Greening Waipara project and 
the biodiversity trail were of domestic or regional circulation. It is thus unsurprising that few 
international respondents or those from outside the Canterbury region had heard of the project 
or the trail, as their potential exposure to the forms of promotion would have been minimal. 
Greater promotion of the Greening Waipara project is likely to directly enhance awareness of 
the efforts by the Waipara winegrowers to consider the environment in their production of 
wine. As such environmental considerations become more important to consumers (Barber et 
al., 2009) the Waipara valley may become the destination of choice over other wine regions 
due to its „green‟ point of difference. 
Although there were several means on site by which visitors could learn of the biodiversity 
trail, awareness of it was low at 25% and almost a quarter of these survey participants became 
aware of the trail only by chance due to coming across it while walking around the winery 
grounds. Promotion of the trail by staff or the tasting room brochure accounted for only 7% 
and 2% of respondent awareness, respectively. The active promotion of the trail by staff is 
one option to quickly increase winery visitor awareness and would have minimal costs. 
Additionally, the placement of the brochure within the tasting room could be made more 
prominent.  
Although increasing awareness of the trail may involve extra effort by winery staff, benefits 
in the long term may reward this outlay if the trail is shown to enhance the winery visitors‟ 
experience and as a consequence create some brand loyalty which in turn could positively 
influence post-visit purchasing. Providing what Mitchell & Orwig (2002) describe as positive 
„consumer experience tourism‟, may increase valuable word of mouth referrals (Keller, 2007), 
shown to lead to future wine purchases by those referred (Mitchell & Hall 2004). A high 
proportion (70%) of those unaware of the trail were interested or very interested in walking 
the trail. This has direct implications for the potential to enhance awareness and cause a 
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greater number of winery visitors to walk the trail. Considering, then, that of those that 
walked the trail, 87% felt it had added to their experience, 40% felt more „connected to this 
winery‟ and 22% were „more likely to buy wine from this vineyard after taking the trail‟ there 
is a missed opportunity to enhance brand loyalty or even increase product purchasing as might 
well occur if more people are made aware of the trail and consequently walk it. 
 
6.5.3 Communication of sustainable vineyard practices to winery visitors 
Enhancing a visitor‟s knowledge of vineyard practices may add value to their winery 
experience (Getz, 1998) by providing a learning opportunity; this has been recognised as a 
motivating factor for tourists (Ali-Knight & Charters, 1999 ; Roberts & Sparks, 2006). Within 
this study it was apparent from participant responses that the trail had enhanced their 
knowledge about biodiversity, insects, birds and native plants within the vineyard 
environment, providing proof that a learning experience occurred and support for hypothesis 
(ii); The biodiversity trail will educate winery visitors about the benefits of biodiversity in 
vineyards. Compared to other areas of knowledge, a lower proportion of people believed they 
had learnt of the value of birds within the vineyard environment and this was probably 
directly related to there being fewer references made about birds within the trail signs than 
there were to plants or insects. Additionally, this question may have confused visitors who 
traditionally think of birds as being pests within the vineyard environment and so would not 
have associated birds with having a value within a vineyard.  
General comments made by participants suggest that if the trail was linked in some way to the 
vineyard and information had greater emphasis on vineyard application, an improvement of 
knowledge in this area may be attained. Analysis of responses did not show any correlation 
between those reading all the information on the trail and those gaining a better understanding 
of vineyard workings or horticulture. In light of this and the fact that most people did not want 
more information on the trail, it would seem that information presented would need to be 
„tailored‟ towards greater vineyard application if visitor knowledge in these areas were to be 
enhanced and a wider learning opportunity provided. 
 
6.5.4 Wine purchasing behaviour and potential brand loyalty of winery visitors 
Results suggest that while wine purchasing was an important factor for winery visitation it 
was, at these two wineries, rarely the main reason. These results may be due to a number of 
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factors involving the setting in which the survey took place and the limitations on who could 
participate. The winery at which the vast majority of surveys were undertaken provides a 
well-known restaurant and is one of the larger establishments in the area and is often 
recommended by wine tourism guides, making it a destination for those wanting to spend 
time with friends or family over a meal accompanied by good wine rather than simply visiting 
to taste and or buy as is the case in most winery cellar doors, where a dining experience is not 
offered. Additionally, those visitors motivated mainly to purchase wine may be those 
participating in winery tasting tours. These visitors were unable to undertake the survey 
questionnaire due to tour time restrictions.  
Although there appeared to be no correlation between those walking the biodiversity trail and 
those purchasing wine, the trail did appear to have positive effects upon winery visitor 
experiences, which provides support for hypothesis (iii); The biodiversity trail will enhance 
the experience of winery visitors, making them feel more connected to that winery. Such 
positive experiences may indirectly lead to future post-visit purchasing by that consumer 
(Mitchell & Hall, 2004). Certainly most participants who walked the trail stated that it added 
to their experience of the winery while almost half believed to feel more connected to the 
winery after taking the trail, both of which indicate some brand loyalty may have been 
developed. Supporting this, Mitchell and Orwig (2002) demonstrated that a positive 
experience had by the winery visitor may lead to word of mouth promotion of the winery to 
other potential consumers, widening the effect of a positive winery experience. Similarly, 
Alonso et al. (2008) found that word-of-mouth advertising was of critical importance in 
influencing winery visitation choice. Over 80% of those walking the biodiversity trail said 
that they would recommend the trail to others visiting Waipara. Such positive word of mouth 
„advertising‟ thus has the potential to increase winery visitor numbers and perhaps wine 
purchases. 
The degree to which these positive winery experiences may transfer into post-visit purchases 
may depend on the scale of the winery itself. For small-scale wineries, post-visit purchasing 
may be tempered by having few distribution outlets, compared to larger winery operations 
which by nature offer greater numbers of post-visit purchasing opportunities (Mitchell & 
Hall, 2004). For the small wineries of New Zealand with limited distribution outlets, the cellar 
door is an important opportunity to gain new customers (Hall et al., 2000b) and can make up a 
significant part of the wineries‟ income (Alpin, 1999). To enhance the transfer of a positive 
winery experience into post-visit sales, it is essential for small-scale producers to ensure that 
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visitors have a means of post-visit purchase such as joining a mailing list or being made aware 
of online purchase sites.  
The fact that over half of respondents disagreed when asked if they were more likely to buy 
wine after taking the trail does not support hypothesis (iv); Winery visitors who walk the 
biodiversity trail will be more likely to buy wine at the winery. Reasons for participants‟ not 
being more likely to buy wine after taking the trail may be linked to the fact that their reason 
for visiting the winery was not to purchase wine. Indeed only 14% of those who disagreed 
had indicated purchasing wine as an important reason for them to visit the winery while 
overall only one person who walked the trail had listed purchasing wine as their main reason 
for visiting the winery.  
The motivations of all respondents to visit the winery may be seen as a reflection of how the 
winery visit is an experience more than a wine purchasing event. Only 5.5% of winery visitors 
surveyed said that purchasing wine was their main reason for visiting the winery. Similarly, 
only 13% of those buying wine on the day indicated that purchasing wine motivated their 
visit. Rather, eating at the winery, having a day out with friends and family and tasting wine 
were the main motivators of respondents indicating that a winery experience was sought 
rather than a wine purchase. This desire by winery visitors for an “experiential” outing is 
supported by past research by Getz & Brown (2006), which found that wine tourists wanted to 
do unique things and undertake some learning activities; by doing so they create memorable 
experiences. Similarly, Charters & Ali-Knight (2000) and Williams & Kelly (2001) found that 
winery visitors sought several benefits from their visit including an enjoyment of scenery, 
food, wine and cultural learning. This was supported by respondents indicating that viewing 
the regional landscape was an important factor in their decision to visit; second only to having 
a day out with friends and family. 
Mitchell & Hall (2004) found that winery visitors making on-site purchases or those which 
had visited the winery before were more likely to make post-visit purchases. Enhancing the 
winery experience of these people to enforce their brand loyalty could thus be seen as a 
strategy for wineries to secure post-visit purchases. Of those surveyed in this study who were 
unaware of the trail and had either visited the winery before or had purchased wine, 80% and 
75% of these respondents respectively indicated they were interested or very interested in 
walking the trail, while fewer than ten per cent were uninterested. This indicates those likely 
to make post-visit purchases are willing to walk the trail, and in doing so their brand loyalty 
may be re-enforced. 
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6.6 Conclusions 
Although several forms of promotional media for the Greening Waipara project and the 
biodiversity trails exist, there was an apparent lack of awareness by winery visitors of their 
existence. Due to this low level of awareness, more directed promotion would lead to greater 
numbers of visitors walking the biodiversity trail as there appears to be a high level of interest 
by winery visitors once they are informed about the Greening Waipara project and these 
biodiversity trails.  
Further promotion of the project may also lead to potential consumers viewing Waipara as a 
region producing wine in an environmentally considerate way, realising a marketing point of 
difference. Such perceptions could lead consumers who integrate environmental 
considerations into their purchasing decisions to either purchase wine made in Waipara or to 
choose the Waipara valley as a wine destination over other regions. 
Due to survey participants being surveyed at only two wineries and of only one winery 
yielding participants who walked a trail, findings here cannot purport to present the effects 
that a biodiversity trail would have at all winery cellar doors in New Zealand. However, 
findings do present an indication of what value a biodiversity trail, or similar mechanism to 
communicate „sustainable‟ practices to visitors, may have to winegrowers. A biodiversity trail 
appears to provide a learning opportunity for winery visitors providing support for hypothesis 
(ii); The biodiversity trail will educate winery visitors about the value of biodiversity in 
vineyards. Respondents knowledge of the value biodiversity, including insects, birds and 
native plants have within the vineyard environment was enhanced by the biodiversity trail. A 
learning experience such as this may well add positively to a visitor‟s winery experience, 
which would have ramifications for brand loyalty and post-visit purchasing. 
A biodiversity trail appears to enhance the experience of winery visitors, while making many 
feel more connected to that winery, fulfilling hypothesis (iii). This positive experience may 
lead visitors to form greater brand loyalty to that winery than otherwise would have occurred; 
also they may be more likely to recommend the winery to others, increasing word-of-mouth 
advertising.    
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Hypothesis (iv) „Winery visitors who walk the biodiversity trail will be more likely to buy 
wine from that winery‟ was not directly supported by work presented here. However, 
considering that a biodiversity trail adds positively to the winery experience and that winery 
visitors desire an „experiential‟ outing, there appears evidence that the trail might have some 
indirect influence on post-visit purchasing; which is influenced by the winery experience. 
Consequently it would appear native plants deployed within biodiversity trails at cellar doors 
have the potential to provide real value to winery operators. 
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     Chapter 7 
The Greening Waipara project: the practicalities of 
incorporating native plants into agricultural landscapes  
7.1 Abstract 
The Greening Waipara project may be seen as a demonstration of ecological engineering and 
as such aims to partially restore disturbed ecosystems and to develop modified sustainable 
ecosystems that have both human and ecological values. This chapter investigates the degree 
to which these project goals were achieved; in doing so it provides insights into the 
practicalities involved in incorporating native plants into this country‟s viticultural 
landscapes. Firstly, the survival and growth of native plants established by the project were 
assessed to help decide which plant species are suitable for establishment in North 
Canterbury. Site conditions and post-planting maintenance required to achieve an acceptable 
level of establishment were also determined. Secondly, the extent to which growers of the 
region adopted or were made aware of sustainable agricultural practices promoted by the 
project was determined through a survey mailed to Waipara winegrowers in September 2009.  
The project established areas of native vegetation at more than 60 properties. A sub-sample of 
these demonstrated a mean survival of 69% of plants after one year. This is estimated to have 
improved significantly after plant guards were used for all plantings post-2008. This initial 
establishment success alongside other observed indicators such as the fruiting and flowering 
of species indicates that restoration is occurring, albeit at a small scale. Findings suggest that 
when incorporating native plants into agricultural landscapes, site selection and post planting 
maintenance are key. This study witnessed the complete loss of all plants at two sites due to 
flooding which may have been predicted had greater consultation with past and present 
landowners been made. Maintaining adequate soil moisture was especially important within 
the study region where rainfall was low. Frost and rabbit browsing were not significant 
factors in observed plant growth and survival. Although planting may seem to be a relatively 
simple exercise, to achieve successful native plant establishment a concerted effort by 
growers is required in conjunction with effective communication between interest groups 
concerning best practice.  
The survey sent to growers found that the project had increased both grower awareness and 
adoption of agricultural practices presented. The awareness by growers of the practice to use 
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buckwheat to enhance conservation biological control (CBC) in vineyards was significantly 
increased by the project. The majority of growers who had adopted this practice indicated the 
Greening Waipara project had motivated them to do so. The adoption of this practice provides 
insights into future promotion of practices involving native plants for similar CBC techniques. 
The majority of growers learnt of the potential to use native ground-covering plants beneath 
vines to suppress weeds through the project. However few had adopted this practice and only 
one grower indicated they had done so due to the project. Ensuring knowledge surrounding 
protocols is made available and that logistics are compatible with current practices and 
feasible regarding investments of time and finances is likely to improve adoption. The key 
concerns of growers in adopting either the buckwheat or native ground-covering plant 
practice were initial investment and the potential for disruption to normal practices.  
Waipara growers displayed a high level of interest in establishing native plants for various 
uses within their properties. Notably 80% indicated they either already use or are likely to use 
native plants for conservation of flora and fauna within their properties, while a further 40% 
indicated they were likely to establish vegetation for erosion control. This indicates that 
enthusiasm exists for incorporating native plants within the agricultural landscape; however, 
certain barriers will need to be addressed in order to achieve action. Findings again 
highlighted the need for extension to ensure practices are logistically and financially feasible 
and that protocols are effectively communicated. 
Viewed as a form of agroecological extension, the Greening Waipara project demonstrates 
how practices utilising native plants may be adopted by growers. The development of 
partnerships between growers, a grower‟s organization, scientists and government institutes 
appear to facilitate awareness and adoption of sustainable agricultural practices and 
consequently may be crucial in ensuring the successful incorporation of native vegetation into 
agricultural landscapes. 
 
7.2 Introduction 
Ecological engineering widely refers to the engineering of ecosystems to benefit humanity 
and, often, nature (Barrett, 1999; Gurr et al., 2004). Mitsch & Jorgensen (2004) suggest that 
ecological engineering aims to restore ecosystems that have been substantially disturbed by 
human activities and to develop new sustainable ecosystems that have both human and 
ecological values. This type of engineering is also equated to the application of ecological 
theory which may be tested in the field (Mitsch & Jorgensen, 2004). The goals of the 
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Greening Waipara project target ecological engineering: undertaking and promoting native 
plant re-establishment to partially restore ecosystems and increasing grower adoption of 
sustainable agricultural practices including the use of native and non-native plants to provide 
ecosystem services (Daily et al., 1997). These goals of the project are explored in the 
following sections. 
 
7.2.1 Ecological engineering: plant growth and survival to indicate ecosystem 
restoration 
Waipara valley ecosystems have in recent times been drastically modified. This is reflected in 
the fact that Canterbury as a region has the lowest (6%) indigenous forest cover in New 
Zealand (MfE, 2007). The transformation of this region has resulted in a loss of native 
biological diversity, replaced by intensive agriculture. Intensive agriculture has been charged 
with causing biological and physical degradation of land thereby threatening the long-term 
sustainability of food production (Matson et al., 1997) and endangering native plant species 
(Landcare Research, 2009). Replanting of native vegetation within the Waipara Valley by the 
Greening Waipara project aims to partially restore lost ecosystems and develop greater 
agricultural sustainability. Restoration of native plants to the agricultural landscape may 
improve sustainability by enhancing specific ecosystem services such as erosion control, 
weed suppression, waste water filtration, natural pest control, conservation of species, or eco-
tourism which have both human and cultural value (Costanza et al., 1997). Such 
enhancements can lead to cost savings due to a reduced dependence on external farm inputs 
such as fertilizers, herbicides or pesticides (Sandhu et al., 2008) arguably improving farm 
sustainability.  
It may be said that restoration success begins with the successful establishment of the initial 
planting (Majer, 1989) and that assessing vegetation structure can portray the progress of 
restoration (Ruiz-Jaen & Mitchell Aide, 2005). Once established the site is thought to then 
become “a tool to conserve biodiversity as new individuals colonise the restored habitat” 
(Reay & Norton, 1999) and as the vegetation matures the recovery of this faunal diversity 
may lead to enhanced ecological services (Toth, 1995; Young, 2000). Similar to the concept 
of „beetle banks‟ (Frank, 2004; MacLeod et al., 2004) native plantings at crop margins have 
the potential to provide resources and over-wintering refuges to fauna and so have important 
implications for both conservation of invertebrate biodiversity of agricultural land and 
biological control of crop pests (Kremen & Chaplin-Kramer, 2007; Pywell et al., 2004).  
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The addition of a diverse mix of native plant species is likely to benefit native insects and 
birds that feed on the plants and in doing so support associated food webs through their 
provision of food and shelter (Lucas et al., 2004; Sullivan et al., 2009).  
This study assessed the growth and survival of native plants established by the project, 
providing an insight into which species are most suitable for restoration in Waipara. Findings 
also identify appropriate post planting maintenance requirements.  
 
7.2.2 Ecological engineering: adoption of sustainable agricultural practices by 
Waipara winegrowers 
Since 2004 the Greening Waipara project promoted several sustainable agricultural practices 
to Waipara winegrowers. Primarily these have entailed the incorporation of native and non-
native plants to provide ecosystem services which are of value to the grower and contribute to 
operational sustainability.  
The use of non-native floral resources in the vineyard inter-rows for the enhancement of 
biological control of a vineyard pest was one of the first practices to be promoted to growers. 
The use of floral resource subsidies to enhance the „fitness‟ of natural enemies of pests 
through the provision of either shelter, nectar, alternative prey and or pollen is a method of 
CBC (Landis et al., 2000). As an alternative to pesticide application it is seen by many as a 
sustainable agricultural practice due to the avoidance of pesticide-induced insect outbreaks, 
due either to pests developing resistance to synthetic chemical application (Nicholls & Altieri, 
2004; van Driesche & Bewllows, 1996) or greater natural enemy mortality following 
application (Morse et al., 1987; Pimentel & Lehman, 1993). Floral resources recommended to 
growers for natural enemy enhancement and consequent pest control often include alyssum 
(Lobularia maritima L. Desv.), buckwheat (Fagopyrum esculentum Moench), coriander 
(Coriandrum sativum L.), dill (Anethum graveolens L.), and fababean (Vicia faba L.) (Bugg 
et al., 1989). The Greening Waipara project has actively promoted this form of pest control 
and has suggested growers deploy the floral resource buckwheat between vine rows as a 
means to enhance a natural enemy; Dolichogenidea tasmanica (Cameron)  (Hymenoptera: 
Braconidae) in order to control a leafroller pest; Epiphyas postvittana (Walker) (Lepidoptera: 
Tortricidae).  
Other practices promoted by the project surrounded the use of native plants to provide 
ecosystem services including CBC but also weed suppression, erosion control, wind 
protection, winery waste water filtration, conservation of flora & fauna and marketing. While 
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some of these uses of native plants had been established in the literature and in practice for a 
number of years, the deployment of such plants specifically within a vineyard context to 
provide weed suppression and CBC was a new concept. Consequently promotion of these 
practices was of an exploratory nature, aimed at raising growers‟ awareness of these practices 
as a possibility to utilise once research provided proven protocols. 
Since 2004 the project has promoted these agricultural practices through newsletters, web-
links and discussions with growers. It is hypothesised that these activities will have caused an 
increase in the awareness and use of these practices by Waipara winegrowers. Successful 
grower adoption of new technologies such as those described above requires effective and 
efficient knowledge transfer between growers, scientists and extensionists (Williamson, 
1998), which may be achieved through „joint grower-researcher projects‟; defined by Warner 
(2006a), who studied Californian winegrowers, as „an intentional multi-year relationship 
between at least growers, a grower‟s organisation and one or more scientists to extend agro-
ecological knowledge to protect natural resources through field scale demonstration.‟. The 
Greening Waipara project meets these criteria as the project involves collaboration between 
the Waipara winegrowers association, growers and several scientists from Lincoln University 
and Landcare Research to restore natural resources of the Waipara landscape and includes 
field demonstrations. Thus in theory the promotion of these sustainable agricultural practices 
by the project should result in an increase in their adoption. To assess this, a survey of 
Waipara winegrowers was undertaken in 2009. The degree to which the project has 
influenced the awareness and adoption by growers of these sustainable agricultural practices 
is explored and reasons as to why adoption may not have occurred is discussed. 
 
7.3 Materials and methods 
7.3.1 Survival and growth of native plants 
Over 60 properties within the Waipara valley are involved in the Greening Waipara project 
and have established small plantings between 2005 and 2009. Ten of these properties which 
had established plants between 2005 and 2007 were selected to assess plant survival and 
growth between September 2007 and September 2008 (see Appendix 10 for a map locating 
planting sites within the Waipara valley). Although planting sites ranged in „age‟ it was 
thought that all were still at an establishment phase, being less than 3 years old. This meant 
comparison between sites for plant survival and growth were justified, considering plants 
were still likely to be highly influenced by site conditions and post-planting maintenance. 
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Regardless of this, planting site „age‟ was recorded, and is considered in the discussion as a 
possible factor influencing plant growth and survival. 
Five individual plants of eleven species (see Table 7.1 below for a list of species) were 
randomly selected within each planting site and assessed for height and maximum horizontal 
spread of plant canopy (Sullivan et al., 2009). This gave a measure of relative growth and was 
calculated based on the difference in height and width of the plants between the September 
2007 and September 2008 assessments. Where five plants did not occur at a site all plants 
present were sampled. Plants were numbered with a tag for measurements the following year. 
Following measurements of each plant an assessment of damage from herbivory (from 
Leporidae species) and frost were made in an attempt to explain any loss in terms of growth 
or survival over the year.  
Other variables which may have affected growth and survival, including the age of the 
plantings, soil type, compaction and moisture as well as maintenance, were recorded. Soil 
compaction between sites was compared using a penetrometer; which provides readings 
indicating the potential prevention of root penetration (Dias, 2003). The penetrometer used 
consisted of a spring loaded metal rod, the tip (3mm diameter x 200mm length) of which was 
pushed into the ground to give an arbitrary value for force required for penetration. These 
values were then used to compare sites. Soil moisture, assessed at the same time as 
compaction (all on the same day), was measured by bulking three 100g samples at each site, 
and determining soil moisture with the gravimetric method (Topp, 1993).  
During assessment dates any flowering or fruiting of the various plant species was noted. This 
was done as this presents the potential for ecosystem restoration in two ways: provision of 
resources (nectar, pollen and fruit) to support local fauna and the potential establishment of 
further native vegetation with the dispersal of plant seed into the surrounding landscape 
(Sullivan et al., 2009). 
The aims of analysis were to answer the questions: which native plant species studied have 
greatest growth and or survival across sites? What effect do site conditions have on plant 
species survival and growth? What effect does damage (frost & browsing) have on plant 
species growth and survival? Are signs of restoration occurring? From these findings an 
assessment could be made of the progression of a Greening Waipara project goal: ecosystem 
restoration. 
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Table 7-1 Native plant species assessed for growth and survival 
Species Plant family Common name 
Coprosma propinqua A. Cunn Rubiaceae Mingimingi 
Coprosma robusta Raoul Rubiaceae Karamu 
Cordyline australis Endl. Laxmanniaceae Cabbage tree 
Griselinia littoralis Raoul Griseliniaceae Broadleaf 
Hoheria angustifolia Raoul Malvaceae Narrow-leaved houhere 
Kunzea ericoides Tomps. Myrtaceae Kanuka 
Muehlenbeckia astonii Petrie Ploygonaceae Wiggiwig 
Olearia paniculata Druce Asteraceae Golden akeake 
Pittosporum tenuifolium Sol. Ex Gaertn. Pittosporaceae Black matipo 
Podocarpus totara G. Benn. Podocarpaceae Totara 
Sophora microphylla Aiton Fabaceae Kowhai 
 
Statistical analysis 
Each site was treated as an individual sampling block and compared with each other. The 
mean growth and proportion alive of each plant species were analysed using repeated-
measures ANOVA.  
 
7.3.2 Awareness and adoption of sustainable agricultural practices by 
Waipara winegrowers 
7.3.2.1 Survey design 
The survey‟s main objective was to assess the awareness and adoption by growers of various 
sustainable agricultural practices which had been promoted by the Greening Waipara project, 
while identifying reasons for any lack of adoption. The survey also investigated the perceived 
benefits growers had received from the project.  
The survey was designed so that it could be completed by growers within ten minutes and 
consisted of seventeen questions which could be classified into five sections (see Appendix 
11 to view the survey sent to winegrowers). Section one asked growers about the requirement 
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to manage specific pests and diseases as well as weeds within their vineyards. This was 
undertaken as these findings would have implications for the adoption of the agricultural 
practices promoted by the project and would allow analysis to identify those growers for 
whom a practice was not applicable. Section two was designed to determine growers‟ 
awareness and use of two agricultural practices: management of leafrollers by using 
buckwheat to enhance biological control and management of weeds in the vineyard by 
growing ground covering native plants beneath the vines. The third section of the survey 
focussed on the current or potential uses of native plants in vineyards to provide various 
ecosystem services. These included using native plants as hedging to create windbreaks, as 
groundcover to suppress weeds beneath vines, as sources of floral resources for beneficial 
invertebrates, to filter winery waste water, to reduce erosion in the vineyard, to conserve 
native flora and fauna and to use them for marketing purposes. Following this growers, where 
applicable, were asked to indicate the reasons which had led them not to use native plants for 
these purposes. The fourth section questioned growers about their involvement in the 
Greening Waipara project and asked them to indicate their agreement with several statements 
regarding the effects of the project including: their awareness & use of sustainable agricultural 
practices, brand recognition, point of difference marketing opportunities and increased sales 
or winery visitation, collaborative links between researchers and winegrowers and access to 
wine and vineyard related research. The final section gathered personal information which 
was used to investigate whether any demographic or professional information related to the 
answers provided in the previous sections. Information requested included years in involved 
in viticulture, respondents‟ position at the business, their level of education achieved as well 
as their place of birth, gender and age.  
 
7.3.2.2 Survey distribution and collection 
Potential respondents to the survey were identified in collaboration with the president of the 
Waipara Valley Winegrowers Association. A total of 56 winegrowers were identified 
(regardless of their involvement in the Greening Waipara project). Before the survey was 
distributed a postcard informing the 56 winegrowers was sent out alerting them of the 
impending survey. This was done as past studies have displayed higher return rates using this 
technique (Dillman, 1978). 
The survey was sent out via email attachment with a covering letter on the 20
th
 of September 
2009. Winegrowers could either fill out the survey and return it as an email attachment or 
print the survey and then return it via fax or post. A reminder email (also with the survey 
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attached) was sent to winegrowers who had not yet returned a survey on the 2
nd
 and 23
rd
 of 
October while hardcopies of the survey were made available at a Waipara Valley 
Winegrowers meeting on the 7th of October. The cut off date for respondents to return 
surveys was the 9
th
 of November, fifty days after the first survey distribution date. 
Responses to questions from each winegrower were entered into SPSS Statistical Software 
(Coakes & Steed, 2003). Frequencies, percentages and cross-tabulation for variables were 
constructed using SPSS.  
 
7.4 Results 
7.4.1 Survival and growth of native plants 
 Due to flooding two of the ten study sites sustained significant damage to over ninety percent 
of plants prior to second year measurements. These sites were removed from analysis.  
A mean (±SE) survival of 69% ±5 for all plants across the remaining eight sites occurred 
during the sampling year. Using a logistical regression (Bernoulli error distribution) 
significant effects of both site and species upon plant species survival was found (effect of 
site
2
7  =23.59; P<0.001, effect of species
2
10 =37.35; P<0.001). The sites Mud House 
(pictured in Plate 7.1) and Terrace Edge showed greatest survival of species (95% and 88% 
respectively) compared to other sites, while The Mound, Vicarage, Waiata and Cabal sites as 
a group showed lower species survival than other sites (see Figure 7.1). 
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Plate 7-1 The Mud House planting site, 2008 
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Figure 7-1 Mean proportions of all native plant species surviving at different planting 
sites from September 2008–September 2009. Different letters indicate 
significant differences in survival between planting sites, P<0.05. 
 
Plant species including C. propinqua, P. tenuifolium, C. australis, S. microphylla and K. 
ericoides as a group had the highest species survival, ranging from 94% to 80% while O. 
paniculata, P. totara and G. littoralis had the lowest survival as a group, ranging from 59% to 
42% survival (Figure 7.2). 
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Figure 7-2 Mean proportions of native plant species surviving across all planting sites 
between September 2008-September 2009. Different letters indicate 
significant differences in survival between plant species, P<0.05. 
 
A mean (relative) growth of 0.22m
2
 ±0.02m
2
 was recorded for all surviving native plants 
across all sites between September 2007 and September 2008. Due to low replicate numbers 
and missing species at sites the data was unbalanced requiring the use of an unbalanced 
ANOVA. Analysis found significant effects of both site and species upon plant species 
growth (effect of site F7, 248=24.34; P<0.001, effect of species F10, 248=3.79; P<0.001).  
The Mud House had greatest plant growth with a mean of 0.77m
2
; this was followed by The 
Mound site (0.54m
2
), Julian Ball (0.18m
2
), Terrace Edge (0.14m
2
), Cabal (0.09m
2
), Waiata 
(0.08m
2
), Weka River (0.012m
2
) and finally the Vicarage site which had a negative growth of 
-0.03m
2 
(Figure 7.3). 
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Figure 7-3 Mean growth of all native plant species at the different planting sites between 
September 2008-September 2009. Different letters indicate significant 
differences in survival between plant species, P<0.05. 
Species which had highest growth over the year included H. angustifolia (0.47m
2
), P. 
tenuifolium (0.37m
2
), C. australis (0.30m
2
) and G. littoralis (0.26m
2
) while species displaying 
lowest growth included C. propinqua (0.17m
2
), O. paniculata (0.16m
2
), P. totara (0.10m
2
), C. 
robusta (0.078m
2
) and S. microphylla (0.041m
2
) (see Figure 7.4). 
 
Figure 7-4 Mean growth of the different native plant species across all sites between 
September 2008-September 2009. Different letters indicate significant 
differences in survival between plant species, P<0.05. 
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By 2008, planted individuals of eight of the eleven species across the various sites were 
flowering and/or fruiting: C. propinqua, G. littoralis, C. australis, C. robusta, S. microphylla, 
O. paniculata, P. tenuifolium, and K. ericoides. It may be presumed that plant resources such 
as shelter, nectar and pollen is supporting populations of local fauna (Figure 7.5) and that seed 
from these species will be dispersed into the surrounding landscape (Sullivan et al., 2009). 
 
Figure 7-5 The yellow admiral butterfly (Vanessa itea), native to New Zealand, feeding 
on native kanuka flowers within a study site. 
 
7.4.1.1 Potential factors affecting growth and survival 
Growth and survival rates are strongly affected by site factors. Optimum sites are sheltered 
from climatic extremes (drought, wind, salt spray or frost) and provide soils which are fertile, 
well drained and not compacted. Ideally competition from weeds is kept to a minimum, as 
often the main reason for the failure of many native plantings is due to a lack of weed control, 
especially directly following planting (Pardy et al., 1992). Greening Waipara project 
newsletters sent to growers provided post planting maintenance guidance. Growers were 
encouraged to undertake weeding, apply mulch and rabbit repellent, utilise plant guards and 
irrigate if possible (http://bioprotection.org.nz/greening-waipara).  
 
Frost and rabbit damage to plants 
Over all sites there was minimal frost damage with O. paniculata sustaining the highest 
incidence with 14% of plants surveyed showing signs of frost damage. This is consistent with 
the findings of Pardy, Bergin & Kimberley (1992) who found O. paniculata to be frost 
sensitive. The only other species to sustain frost damage was C. propinqua (5%). Frost 
  
 186 
damage was not correlated to either plant growth or survival; however analysis revealed a 
significant effect of rabbit damage on plant growth (F1,254=10.22, P=0.002) but not survival 
between September 2008 and September 2009. 
Rabbit browsing, however minimal, occurred at all sites except Mud House, Terrace Edge and 
Vicarage sites. This may partially explain the higher growth at the two former sites but did 
not seem to correlate to greater growth at the Vicarage site which showed the poorest growth 
of all sites. Species observed with greatest rabbit browsing damage included C. propinqua 
(38%), G. littoralis (31%) and C. australis (29%). Other species sustaining such damage 
included C. robusta (18%), S. microphylla (16%), O. paniculata (10%), H. angustifolia (8%), 
P. totara (8%) and P. tenuifolium (4%). K. ericoides and M. astonii did not display any sign 
of Leporidae browsing. 
 
Age, maintenance and conditions of planting sites 
Conditions and maintenance of each of the eight planting sites are shown in Table 7.2. 
Planting site age ranged from 24 (Mud House) to 5 months (Vicarage) and likely influenced 
plant survival as mortality is often highest within the two years following planting; after 
which time mortality reduces rapidly (Sullivan et al., 2009).  
Soil types at sites included silt, sandy and clay loams. Clay loams, which offer greater water 
holding capacity than other soils (Metcalf, 2000), may have positively affected plant growth 
and survival in Waipara‟s dry conditions. Conversely clay soils are more susceptible to water 
logging or compaction, which could reduce plant growth and survival. The comparatively 
lower growth and survival of sites with clay soils (Cabal Property and Vicarage) indicate the 
latter may have occurred. Silt loam soils occurred at sites of high and low growth, indicating 
this was not a major factor influencing plant performance. 
Soil moisture differed between planting sites, though no direct correlation to plant survival or 
growth was apparent. The stony soils of Terrace Edge displayed very low soil moisture 
(1.48%). The potential detrimental effects of this upon plant survival and growth was 
mitigated by the installation of irrigation directly to each planted individual. The high soil 
moisture readings of Mud House and Waiata sites is likely due to the heavier mulch present at 
these sites. 
Soil compaction, known to affect plant growth due to reduced plant root penetrability 
(Sullivan et al., 2009) differed between sites. Using the penetrometer the Mound recorded the 
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highest value for compaction. This could be a factor explaining the low plant survival 
observed at this site. The Mound also showed low soil moisture and this may have caused the 
compaction reading to be higher than other sites as soil moisture directly affects soil 
compaction (Allmaras et al., 1988; Johnson & Bailey, 2002). Irrigation was installed at three 
of the sites; Mud House, Terrace Edge and Julian Ball and this may account for the higher 
survival recorded at these sites. Average annual rainfall in Waipara is less than 700mm 
(ECan, 2009 ), and rainfall between plant assessments was 769mm  (NIWA, pers. comm. 
2010). This low precipitation rate would make irrigation a key factor in both plant growth and 
survival, especially in sites with lighter soils (Metcalf, 2000). Mulching, which was 
undertaken at five of the eight sites, likely aided soil moisture retention, although soil 
moisture levels recorded here did not reflect that. 
Guards to protect plants from extreme climatic conditions and rabbit browsing were applied at 
one site only, Waiata Estate. Consequently correlations for its effect on plant growth and 
survival is not possible, however it is likely to have aided plant growth and survival. This 
assumption is based on the high survival and growth observed for plants established with 
plant guards more recently in Waipara. It would appear these plants benefit from the reduced 
weed competition and shelter these guards provide from browsing, frost and spray drift. 
 
Table 7-2 Conditions and maintenance of planting sites.   
Site & age (months) Soil type 
Soil 
Moisture
1
 
(%) Compaction
2
 Maintenance
3
 
     
*Mud House (24) Glasnevin silt loam 22.94 2.50 I, M, W 
Terrace Edge (17) Glasnevin silt loam 1.48 N/A
4
 I  
Julian Ball (12) Glenmark silt loam 14.23 2.17 I, M, R  
Weka river (5) Weka sandy loam 14.10 2.50 W 
Cabal Property (12) Omihi clay loam  16.01 3.00 W 
Waiata Estate (12) Glasnevin silt loam 25.35 2.83 M, G, W 
Vicarage (5) Omihi clay loam  19.15 2.17 M, W  
The Mound (12) Glasnevin silt loam 12.52 3.17 M, R, W 
     
*
Sites listed in descending order from highest to lowest plant survival. 
1
Soil moisture taken 
September 2009. 
2
Compaction values are a mean of three readings taken in September 
2009 using a penetrometer. 
3
Maintenance types: I = Irrigation, M = Mulch, G = Guards, R 
= Rabit repellant, W = Weeding/herbicide use apparent. 
4
Compaction measurements at 
Waipara Terraces was not possible due to excessive stone interference with the 
penetrometer 
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7.4.2 Adoption of sustainable agricultural practices by Waipara winegrowers: 
Survey findings 
Of the 56 Waipara winegrowers approached, 30 returned surveys, giving a total response rate 
of 54 percent. Surveys were returned over a period of 37 days by post (2), fax (3) and email 
(25). This return rate is high (Dillman, 1978), although Dastgheib & Frampton (2000) had 
similarly high response rates for vineyard growers. The high response rate may be due to the 
majority of respondents being both aware of and involved in the Greening Waipara project.  
 
Grower demographics and professional information  
Overall respondents were 25 males and 5 females, ranging in age from 20 to 70+ years with 
the majority (70%) being born in New Zealand. All respondents had received at least a high 
school certificate with most (66.7%) having completed a higher degree or degree. Regarding 
vineyard management 43.3% owned a vineyard, 26.7% managed one, while the remainder 
both owned and managed a vineyard operation. The number of year‟s respondents had been 
involved in viticulture ranged from less than 4 years to more than 30, with most being based 
in Waipara for the majority of that time.  
The vineyards managed by respondents ranged in size from 0.08ha to 200ha and were 
categorised as either small (<10ha), medium (10-50ha) or large (>50ha) operations. Only 10% 
were large vineyards with most being small (46.7%) or medium operations (43.3%). 
Demographic and professional information is presented in Table 7.3. Cross-tabulations 
revealing any correlations between these demographics and grower awareness or adoption of 
the agricultural practices promoted by the project are explored in the following sections. 
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Table 7-3 Summary demographics and professional information of survey respondents 
Gender f (frequency) % (proportion) 
Male 25 83.3 
Female 5 16.7 
Total 30 100 
Age   
20-29 1 3.3 
30-39 6 20.0 
40-49 10 33.3 
50-59 8 26.7 
60-69 4 13.3 
70+ 1 3.3 
Total 30 100 
Country of birth   
New Zealand 21 70.0 
Australia 2 6.7 
UK 1 3.3 
USA 2 6.7 
Asia 1 3.3 
EU 1 3.3 
Africa 1 3.3 
Missing 1 3.3 
Total 30 100.0 
Education achieved   
Higher degree 9 30 
Tertiary degree 11 36.7 
Trade qualification 6 20 
High school certificate 3 10 
No formal qualification  0 0 
Missing 1 3.3 
Total 30 100 
Current position   
Owner 13 43.3 
Manager 8 26.7 
Owner & Manager 9 30 
Total: 30 100 
Years involved in  viticulture   
0-4 3 10.0 
5-9 5 16.7 
10-19 11 36.7 
20-29 6 20.0 
30+ 4 13.3 
Missing 1 3.3 
Total 30 100.0 
Years involved in Waipara viticulture   
0-4 4 13.3 
5-9 9 30.0 
10-19 10 33.3 
20-29 6 20.0 
30+ 1 3.3 
Total 30 100.0 
Vineyard size:     
Small (<10ha) / Medium (10-50ha) 14 / 13 46.7 /43.3 
Large (>50ha) 3 10.0 
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Weed, pest and disease management within Waipara vineyards 
The requirement for growers to manage weeds and specific pests and diseases within their 
Waipara vineyards is presented in Table 7.4. Weeds, botrytis and pest birds were seen to 
require a high degree of management, while grass grub adults and leafrollers were not of great 
concern. All growers indicated weeds required management; over two thirds indicated 
moderate or a lot of management was required. Over 60% undertake moderate or a lot of 
management for the disease botrytis, with only one respondent stating no management was 
needed. Over 80% of growers use moderate or a lot of management for pest birds. Half of 
respondents indicated grass grubs required only minimal management; over a third stated this 
pest required no management. Growers use minimal (36.7%) or no (50%) management for 
leafrollers and no growers indicated a lot of management was required for leafrollers.  
 
Table 7-4 Management required for weeds, pests and diseases of Waipara vineyards   
(n = 30). 
  
  
Degree of management required 
None  Minimal Moderate A lot  
  f % f % f % f % 
Weeds 0 0 10 33.3 17 56.7 3 10 
Grass grub (adults) 11 36.7 15 50 3 10 1 3.3 
Leafrollers  15 50 11 36.7 4 13.3 0 0 
Botrytis (grey mould) 1 3.3 10 33.3 15 50 4 13.3 
Pest birds 1 3.3 3 10 13 43.3 13 43.3 
 
Table 7.5 presents the use of chemicals to manage weeds, invertebrate pests and diseases. 
Over 80% of growers apply herbicide; roughly two thirds apply herbicide two or three times a 
year. This use is consistent with a study conducted in 1997 by Dastgheib & Frampton (2000) 
who found Canterbury grape growers applied an average of 2 applications per year. 
Insecticides had limited application with only 6.7% of growers applying such chemicals more 
than four times a year, the remainder made applications only once per year (36.7%) or not at 
all (56.7%). This reflects the low degree of management required for insect pests mentioned 
earlier (Table 7.3). The use of fungicides by growers varied, most make applications five to 
seven times per year (43.3%) or two to four times (26.7%). Such application is unlikely to be 
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for control of grey mould (botrytis) only, but also for other diseases such as powdery mildew 
(Erysiphe necator) (Waipara winegrowers, pers. comm. 2009). 
Table 7-5 Number of herbicide, insecticide and fungicide applications by Waipara 
winegrowers (n = 30). 
Number of applications applied per year 
  
Not applied One Two Three Four+ 
f % f % f % f % f % 
Herbicide 4 13.3 6 20 9 30 10 33.3 1 3.3 
Insecticide 17 56.7 11 36.7 0 0 0 0 2 6.7 
 
Not applied One Two -four Five -Seven Eight-Ten 
f % f % f % f % f % 
Fungicide 1 3.3 4 13.3 8 26.7 13 43.3 4 13.3 
 
Regarding weeds, a cross-tabulation between management requirements and herbicide 
application (see Table 7.6) revealed that those growers indicating weeds required minimal 
management (a third) either applied herbicide once (30%), twice (40%) or three times (30%) 
each year. Those stating moderate management was required applied herbicide either once 
(11.8%), twice (23.5%) or three times (41.2%), while 23.5% of these growers did not use any 
herbicide. Three growers indicated a lot of weed management was required. Of these, one 
applied herbicide once, another twice and the third, four times or more per year. This most 
likely reflects the utilisation of alternative methods to herbicides for weed management. 
 
Table 7-6 Cross-tabulation between weed management requirements and herbicide 
application by Waipara winegrowers 
 
Weed 
management 
Number of herbicide applications per year 
Not 
applied One Two Three Four+ Total 
  f % f % f % f % f % f % 
Minimal  0 0 3 30 4 40 3 30 0 0 10 33.3 
Moderate 4 23.5 2 11.8 4 23.5 7 41.2 0 0 17 56.7 
A lot 0 0 1 33.3 1 33.3 0 0 1 33.3 3 6.7 
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Awareness and adoption of two sustainable agricultural practices 
Growers were asked to indicate their awareness and use of two agricultural practices; using 
buckwheat to increase the efficiencies of leafroller natural enemies; and the use of native 
ground-covering plants beneath the vines to suppress weeds.  
Those who had adopted the practice were asked if they had been motivated to do so due to the 
project; while those who had not adopted the practice (and for who leafrollers or weeds 
required management) were asked to indicate the importance of several factors in their 
decision not to adopt the practice.  
Only one grower was unaware of the practice to use buckwheat for conservation biological 
control. Almost half of the growers (46.7%) were made aware of the practice through the 
Greening Waipara project; the remainder had learnt of it elsewhere. Seven of the thirty 
respondents indicated they had adopted this practice within their vineyards and of those five 
said they were motivated to do so fully or partially due to the project. Of those growers using 
this protocol three had indicated that no management of leafrollers was required while two 
had stated minimal management was needed and the remainder undertook only moderate 
management of leafrollers. This would indicate that either growers' were using the buckwheat 
protocol when they did not need to, or (more likely) they felt little management of leafrollers 
was required within their vineyards due to their use of buckwheat and the ease of using the 
buckwheat protocol. Two growers using the buckwheat protocol indicated that they apply an 
insecticide once a year. This may indicate that the buckwheat protocol is only partially 
effective at reducing leafrollers to acceptable levels and that insecticide sprays are still 
required, however this is speculative as it is not possible to clarify if the insecticide 
applications were for the control of leafroller or other invertebrate pests, such as grass grub 
beetles- for which a greater number of growers had indicated management was required 
(Table 7.4).  
Cross-tabulations of data revealed several characteristics of those adopting this practice. 
Growers who had practiced viticulture for more than thirty years displayed a higher level of 
adoption (75%) than those practicing for less than thirty years while  proportionally more 
medium and large size vineyard operations (30% & 33% respectively) had adopted the 
buckwheat protocol compared to small operations (15%). Approximately two thirds of all 
small and large operations had learnt of the practice via the project while the majority of 
medium sized operations (77%) indicated they had leant of the buckwheat protocol elsewhere. 
Proportionally more owners (69%) than managers (25%) had learnt of the buckwheat protocol 
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through the Greening Waipara project as opposed to learning of the practice elsewhere. 
Further cross-tabulation indicated that those with a high school certificate or trade 
qualification were more likely to have learnt of this practice through the Greening Waipara 
project compared to those with a tertiary or higher degree, of whom more had learnt of the 
practice elsewhere. 
With regards to the second practice, nineteen respondents (63.3%) were aware of the potential 
to use native ground-covering plants beneath the vines to suppress weeds. Twelve of these 
nineteen growers had become aware of this practice through the project. Only two growers 
were found to use this practice, one of which indicated the project had motivated them to do 
so. Cross-tabulation revealed no consistent trends in the characteristics of those made aware 
of this practice by the project or otherwise while the low adoption of this practice made any 
characterisation of these growers improbable.  
 
Reasons for not adopting the practice 
Growers, who had indicated leafrollers or weeds required some management within their 
vineyard, and yet had not adopted the relevant practice mentioned above, were asked the 
importance of certain factors in their decision not to adopt the practice. For the adoption of the 
buckwheat protocol all of these growers indicated risk was not a very important factor in their 
decision not to adopt the practice. Initial investment was thought to be quite important by 
57.1% of the growers while the remainder thought this a very important factor. Disruption to 
normal practices was listed as quite an important factor by 60% of these growers while the 
remainder thought this factor to be not very important. Finally, the importance of market 
requirements was cited by 16.7% as very important while 50% and 33.3% thought this to be 
not very important or not at all important, respectively, in their decision not to use the 
buckwheat protocol. 
General comments from growers within this section of the survey, as well as personal 
communications with several Waipara growers revealed that a lack of suitable equipment 
(direct drills / cultivators) or the cost to purchase such equipment was a key barrier to the 
adoption of this practice. All growers for whom leafrollers required no management within 
their vineyard (50%) indicated that they would definitely or maybe consider adopting this 
agricultural practice if such management was required. 
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With regards to using native groundcovers for weed suppression 63.7% of growers thought 
risk was not an important factor with only 9.1% citing this as a very important factor. Initial 
investment was seen as a very important factor by half of these respondents and a further 25% 
thought this to be quite an important factor. Over half (58.3%) of the respondents thought this 
practice would disrupt normal vineyard practices with 61.5% indicating the practice may 
complicate weed management. Comments from growers communicated several concerns they 
had over establishing native vegetation beneath their vines including cost, uncertainty about 
the success of the practice to suppress weeds and the potential for the native plants to compete 
for moisture with the grapevines. Growers also noted their current use of sheep may not be 
compatible with this practice. 
 
Current and potential use of native plants in vineyards to provide ecosystem services 
A list of potential uses of native plants within vineyards was presented and growers were 
asked to indicate their current use, or, the likelihood of them deploying native vegetation in 
such ways. Table 7.7 summarises their responses. 
For nearly half of respondents the use of native plants to filter winery waste water was not 
applicable, presumably due to a winery not being present on the premise. Uses of native 
plants already employed by respondents primarily included: conservation of flora (60%) and 
fauna (56.7%); to provide flowers to beneficial vineyard insects (33.3%) and as hedging to 
create windbreaks (26.7%). Out of all the uses presented „to reduce erosion control‟ was the 
practice most growers (40%) indicated they would definitely adopt, while 66.7% and 46.7% 
of respondents stated they „might‟ adopt the uses; „as groundcover to suppress weeds beneath 
vines‟ and „to provide flowers to beneficial vineyard insects‟ respectively. Few growers 
indicated any definite ruling out of utilising native plants in the ways presented. 
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Table 7-7 Current and potential use of native plants within Waipara vineyards (n = 30 
for each native plant use). 
 
Growers were asked to indicate whether certain factors had led them not to deploy native 
plants for the uses listed above (see Table 7.7). These factors included a lack of knowledge, 
initial investment, risk, disruption to normal practices or having no interest in such use of 
native plants (Table 7.8). Growers were also given the opportunity to list any other uses of 
native plants or factors which caused them not to use native plants in the ways proposed. 
 
 
 
Native plant use 
 
Likelihood of adoption 
N/A 
Already 
do this Definitely Maybe 
Probably 
not 
Definitely 
not 
f % f % f % f % f % f % 
As hedging to create 
windbreaks 5 16.7 8 26.7 4 13.3 9 30 4 13.3 0 0.0 
As groundcover to suppress 
weeds beneath vines 0 0 2 6.7 3 10 20 66.7 4 13.3 1 3.3 
To provide flowers to  
beneficial vineyard insects 0 0 10 33.3 6 20 14 46.7 0 0 0 0 
To filter winery waste 
water 
 14 46.7 3 10 6 20 4 13.3 1 3.3 2 6.7 
To reduce soil erosion in 
the vineyard 7 23.3 6 20 12 40 4 13.3 0 0 1 3.3 
To conserve fauna 
 1 3.3 17 56.7 8 26.7 4 13.3 0 0 0 0 
To contribute to native 
plant conservation 1 3.3 18 60 8 26.7 2 6.7 1 3.3 0 0 
For marketing purposes 
 9 30 7 23.3 6 20 6 20 2 6.7 0 0 
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Table 7-8 Barriers to deploying native plants within vineyard properties. Note that for 
each plant use the number of respondents is that for which the use was 
applicable (see Table 7.6 above). 
Native plant use 
Barriers to adoption 
Lack of 
knowledge 
Initial 
investment Risk 
Disruption 
to normal 
practices 
No interest 
by grower 
f % f % f % f % f % 
As hedging to 
create 
windbreaks 
(n=25) 6 24.0 9 36.0 4 16.0 1 4.0 3 12.0 
As groundcover 
to suppress 
weeds beneath 
vines (n=30) 12 40.0 11 36.7 4 13.3 4 13.3 2 6.7 
To provide 
flowers to 
beneficial 
vineyard insects 
(n=30) 4 13.3 10 33.3 1 3.3 5 16.7 0 0.0 
To filter winery 
waste water 
(n=16) 5 31.3 3 18.8 0 0.0 0.0 0.0 3 18.8 
To reduce soil 
erosion in the 
vineyard (n=23) 3 13.0 6 26.1 1 4.3 1 4.3 1 4.3 
To conserve 
fauna (n=29) 3 10.3 7 24.1 13 44.8 1 3.4 0 0.0 
To contribute to 
native plant 
conservation 
(n=29) 3 10.3 7 24.1 13 44.8 13 44.8 0 0.0 
For marketing 
purposes (n=21) 3 13.6 5 22.8 14 63.7 14 63.7 1 4.5 
 
Regarding the use of native vegetation as hedging to create windbreaks a lack of knowledge 
or initial investment were the main factors cited by growers for not using native vegetation in 
this way, while risk was a factor cited by 16%. Factors acting as a barrier to the use of natives 
as a groundcover to suppress weeds included a lack of knowledge (40% of growers cited this), 
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initial investment (36.7%), risk (13.3%), disruption to normal practices (13.3%) and a lack of 
interest in this use (6.7%). 
Factors leading to a lack of deployment of natives to provide floral resources to beneficial 
vineyard insects included initial investment (33.3%), disruption to normal practices (16.7), a 
lack of knowledge (13.3%), and risk (3.3%). Barriers to using native plants to filter winery 
waste water included a lack of knowledge (31.3%) and initial investment (18.8%) while 
another 18.8% were not interested in such use of native plants. Using native plants to reduce 
soil erosion was avoided by growers primarily due to initial investment (26.1%) followed by a 
lack of knowledge (13%). Few growers cited risk, disruption to normal practices or a lack of 
interest as reasons for not using native plants in this way. Over forty percent of growers 
indicated risk as a factor causing them to avoid using native plants to conserve fauna and 
native flora on their properties; other factors included initial investment (24.1%) or a lack of 
knowledge (10.3%). Disruption to normal practices was a reason cited by 44.8% of growers 
with regards to using native plants to contribute to plant conservation. Primary factors 
slowing the adoption of native plants for marketing purposes included risk and disruption to 
normal practices, with both being cited by 63.7% of growers. 
Comments from eight growers stressed the use of native plants on their properties for 
aesthetic purposes. Other comments identified several factors which made growers reluctant 
to establish natives on their property including the relatively slow rate of maturation and 
hardiness of these plants (compared to pines), their need for shade and water to establish, 
difficulties in sourcing locally endemic plant material, their potential harbouring of pest birds 
and their prevention of air circulation (increasing frost risk) due to their evergreen nature. 
 
Involvement in the Greening Waipara project and its perceived effects  
All growers participating in the survey were aware of the Greening Waipara project; half 
learnt of the project during its inception in 2004 and twenty-four were actively involved in the 
project. Growers were asked the extent to which they agreed to a series of statements relating 
to the effects of the Greening Waipara project. Responses are displayed in Table 7.9. The 
values presented in this table are the mean and mode values of responses when the responses 
„strongly agree‟, „agree‟, „neutral‟, „disagree‟ or „strongly disagree‟ were assigned a value of 
1, 2 , 3 ,4 or 5 respectively. 
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Table 7-9 Agreement of growers to statements concerning the effects of the Greening 
Waipara (GW) project. 
Statement presented to Waipara winegrowers Mean* Mode 
The GW project has increased my awareness of 
sustainable agricultural practices (n=29) 
2.38 2.00 
The GW project has motivated me to undertake 
some sustainable agricultural practices (n=28) 
2.29 1.00 
The GW project has provided point of difference 
marketing opportunities (n=28) 
2.50 2.00 
The GW project has provided greater regional 
(Waipara) brand recognition (n=28) 
2.21 2.00 
The GW project has created or improved 
collaborative links between researchers and 
winegrowers (n=28) 
2.07 2.00 
The GW project has improved access to wine and 
vineyard- related research findings (n=28) 
2.54 2.00 
The GW project has increased sales / winery visits 
for me (n=24) 
3.00 3.00 
*Mean and mode values were calculated using a 5-point interval scale, where 1= strongly 
agree with the statement, 5= strongly disagree with the statement. 
 
The mean scores of Table 7.9 indicate a generally positive agreement by Waipara 
winegrowers to the questions presented. Over 60% of growers agreed or strongly agreed 
(20%) that the project had increased their awareness of sustainable agricultural practices 
while 16.6% disagreed/strongly disagreed with this. Cross-tabulation revealed a higher 
proportion of those growers operating small sized vineyards (85%) agreed with this statement 
compared to medium or large sized vineyards of whom 46% and 33% respectively indicated 
agreement. A greater proportion of female respondents agreed with this statement (80%) than 
male (58%) although the small sample size of female respondents (5) should be considered 
here. Over half (56.7%) agreed/strongly agreed that they had been motivated by the project to 
undertake some form sustainable agricultural practice with 16.6% disagreeing/strongly 
disagree with this statement. Proportionally more growers operating small vineyard 
operations (75%) agreed with this statement than growers of medium (53%) or large (33%) 
operations. Exactly half of respondents agreed/strongly agreed that the project had provided a 
point of difference marketing opportunity (20% disagreed/strongly disagreed), proportionally 
more managers (75%) than owners (50%) agreed with this statement while few with a tertiary 
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degree (10%) or higher degree (12.5%) disagreed with this statement. Two thirds of 
respondents thought Waipara brand recognition had improved due to the project with 92% of 
growers from small vineyard operations agreeing with this (13.3% disagreed/strongly 
disagreed). Over two thirds of the growers agreed/strongly agreed that the project had created 
or improved collaborative links between researchers and winegrowers while only 6.6% 
thought this had not occurred. Half of the respondents also agreed/strongly agreed that the 
project had improved their access to wine and vineyard related research findings (16.6% 
disagreed/strongly disagreed with this). A higher proportion of small vineyard operators 
agreed with this as did those with a trade or high school certificate compared to those with a 
tertiary degree or higher degree. The final statement presented to growers referred to the 
project causing an improvement in sales or winery visits (where applicable); 20% of 
respondents agreed/strongly agreed with this statement while 23.3% disagreed. 
General comments from growers within this section identified several effects of the Greening 
Waipara project. These included better community relations, benefits for bird biodiversity, an 
enhancement of landscape aesthetics, increased awareness of Waipara as a destination and the 
provision of beneficial collaborations between research and industry. One grower commented: 
 
“Local unity and pride in the project. Good combination of resources 
planning and funding. It has been very effective having the technical 
and knowledge input from Lincoln and others that can be married 
with the land and labour provided by the participants. I think that 
people can see that the right planning and direction has been set and 
that the benefits are good [and] of very long term value.” 
 
7.5 Discussion 
7.5.1 Survival and growth of native plants 
A mean survival of 69% for all native plants across sites is comparable to that recorded by 
Sullivan et al. (2009) who reported a 75-80% survival. Current monitoring of native plant 
survival at Tiromoana (~5km east of Waipara) were perhaps more comparable, reporting a 
survival rate of 61%. In this case plant loss was primarily attributed to hare browse and weed 
competition (D. Norton, pers comm. 2010). However, because only four plant species were 
common to both these studies and because species survival varies widely, such comparisons 
are only tentatively made.  
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Overall plant growth was sub optimal with an average rate of 0.22m
2
/yr. Average rates of 
0.30-0.50m
2
/yr would be possible with effective post planting maintenance (C. Meurk, 
Landcare Research, pers. comm. 2009). 
Survival and growth of native plant species differed between sites and this was likely due to 
combinations of specific site conditions and maintenance. The higher growth and survival 
observed at the Mud House site is likely due to the earlier establishment of these plants and 
due to the high level of maintenance undertaken at this site including irrigation, mulching and 
weeding. This site was also in close proximity to a well used restaurant car park which likely 
improved the care expended on this planting due to aesthetic considerations. Variation 
between species at the same site may have been due to the fact that species are known to 
respond differently to specific conditions and maintenance (Sullivan et al., 2009). 
Plant species C. propinqua, P. tenuifolium, C. australis, S. microphylla and K. ericoides as a 
group displayed greatest survival across all sites. Both  P. tenuifolium and C. australis also 
displayed relatively good growth while C. propinqua and K. ericoides showed moderate 
growth. Consequently these four species may be seen as the most suitable species for 
initiating restoration in Waipara. Sophora microphylla, although showing good survival, 
displayed poor growth across sites. This underlines the importance of ensuring growth is 
achieved, as without this the risk of losing plants will remain and maintenance will continue 
to be a burden year after year. Olearia paniculata and P. totara showed poor survival and 
growth, including at sites that overall showed high survival. This indicates these species in 
particular are either not suitable for establishment in Waipara or require diligent post planting 
maintenance if they are to establish successfully within North Canterbury sites.  
Poor species growth may be mitigated through improved post planting maintenance, 
especially initial irrigation and mulching, and by utilising plant guards. The use of guards 
would benefit all species, however they may be especially important for C. propinqua and C. 
australis which sustained higher levels of rabbit damage than all other species. Post 2008 
plant guards were utilised for all plants being established by the Greening Waipara project. 
Preliminary observations of these planting sites in 2009 confirm that plant survival and 
growth have been significantly improved by the use of these guards. In the face of financial 
constraints it is advisable that the number of native plants be restricted to that which can 
receive such post maintenance attention.  
Although on a landscape scale the plantings undertaken by the Greening Waipara project 
cover only a small area of the Waipara Valley their establishment has resulted from the 
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collaboration of a large number of land owners. This widespread inclusion holds the potential 
for many more plantings to take place now that owners throughout the Waipara Valley have 
been made aware of how, when and where native plantings may be established upon their 
land. Regardless of the landscape scale the 60 or more plantings that have been established 
are no doubt providing more resources (shelter, nutrition) to the ecosystem in which they exist 
than if they were absent. There are several potential benefits for agriculture arising from 
enhancing landscape complexity through the establishment of non-crop vegetation, including 
the reduced risk of pest outbreaks due to monoculture (Matson et al., 1997) and the enhanced 
biological control of pests and diseases (Altieri & Nicholls, 2002; Saunders et al., 1991; Thies 
& Tscharntke, 1999; Wratten & van Emden, 1995). At this stage the scale of the plantings is 
too small to make any claims for enhanced landscape complexity of the Waipara Valley; 
however, what can be said is that due to the plantings relatively successful establishment, it is 
the first step in achieving such a change.  
 
7.5.2 Adoption of practices by growers 
Overall the survey indicates that awareness of certain sustainable agricultural practices by 
Waipara winegrowers has been increased due to the Greening Waipara project. Forty-six 
percent of growers indicated they had been made aware of the buckwheat protocol by the 
project while 63% stated they had been made aware of the potential to use native ground-
covering plants to suppress weeds in the vineyard through the project. Thus the project 
appears to have significantly increased the growers‟ awareness of these two practices, and 
indeed, responses by growers regarding the perceived effects of the project also indicate this 
with the majority of growers agreeing with the statement „The Greening Waipara project has 
increased my awareness of sustainable agricultural practices‟. While the project may have 
increased awareness, how has it influenced adoption?  
 
7.5.2.1 Grower adoption of buckwheat and native ground-covering plant 
protocols 
Whether the project has increased grower adoption of the promoted practices is not clear, 
although just over half the growers agreed with the statement „The Greening Waipara project 
has motivated me to undertake some sustainable agricultural practices‟. The following 
discusses the use of buckwheat and native ground-covering plants within Waipara vineyards, 
and proposes reasons why growers may not have adopted the protocols utilising these plants.  
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The use of buckwheat for conservation biological control 
Only seven of the thirty growers (23%) surveyed have actually adopted the buckwheat 
protocol, however, this must be viewed in light of overall need for leafroller management 
within the Waipara Valley (see Table 7.4). Over half of respondents stated insecticides were 
not applied in their vineyard, 35.7% indicated only one application was necessary while two 
growers indicated two insecticide sprays per year were needed. If insecticide application rates 
roughly indicate insect pest pressures, then this low level of use (which may not be 
exclusively for leafrollers) indicates leafrollers are not a major concern of Waipara growers. 
Indeed half of the growers indicated leafrollers required no management within their 
vineyards. This would mean 46% of those growers indicating management was necessary had 
adopted the buckwheat protocol. Growers may have misinterpreted the survey question 
regarding the requirement for leafroller management (some may have assumed that if their 
management of leafrollers was effective that „no management‟ was required as it was under 
control). The majority (5) of growers that do use the buckwheat protocol (7) indicated they 
had been motivated to do so due to the project, providing evidence that the project has indeed 
increased grower adoption of a sustainable agricultural practice. Many growers indicated they 
would consider adopting the practice if management of leafrollers was necessary. This 
indicates adoption will likely be higher in regions sustaining greater leafroller damage. 
The use of native ground-covering plants for weed suppression 
Only two growers have adopted the practice of using native ground-covering plants to 
suppress weeds beneath their vines and this is likely to be a direct reflection of the lack of 
protocols and information available to growers concerning this practice. Research into this 
protocol has only recently been made publically available to growers (Tompkins, 2010) and 
this may lead to greater adoption of this practice. Certainly weed management is a primary 
concern of growers, which is reflected in the number of respondents indicating weeds 
required moderate to a lot of management (Table 7.4). This use of native plants may increase 
as the demand for alternative weed management techniques which minimise herbicide use 
grows (Tesic et al., 2007). 
Causes for low adoption of buckwheat and native ground-covering plant protocols 
Reasons for growers not adopting practices promoted by the project centered on initial 
investment costs. For the buckwheat protocol this would namely be for equipment that fits 
between vine rows as the cost of seed is minimal (Jacometti et al., 2008). Logistically the 
practice requires seed to be drilled into the ground every one in ten rows, repeated every 3-4 
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weeks from mid October to late February (Jacometti et al., 2008). This barrier to adoption 
could be overcome by growers sharing the costs of purchasing machinery or by smaller 
growers leasing the use of equipment from larger growers (Waipara winegrower, pers. comm. 
2009). Growers also cited the practice was likely to disrupt normal practices. This could 
reflect a lack of knowledge concerning the use of this practice as discussions with one 
Waipara grower revealed no great difficulties associated with implementing this practice, 
although this grower was not constrained by available machinery. Using native ground-
covering plants to suppress weeds will clearly have high initial investment costs especially if 
plants utilised are purchased from retail outlets ($2-6 per plant) and if a rapid cover of under-
vine areas is sought. Costs could be lowered if growers take a more long-term approach, 
propagating their own native plant material and establishing them incrementally across the 
vineyard over a number of years. This process would invariably require a keen interest by 
growers, requiring an investment of time and resources, especially during plant establishment 
when weed management would be complicated by the need for hand weeding or backpack 
herbicide applications. Research to date has estimated the cost of such weed management at 
$611 ha/yr, required for two years while plants establish (Tompkins, 2010). 
 
7.5.2.2 Use of native plants to provide various ecosystem services 
The Greening Waipara project also promoted the planting of native New Zealand plants 
within vineyard properties to provide various ecosystem services including wind protection, 
weed suppression, conservation biological control, filtration of winery waste water, erosion 
prevention, conservation of fauna and flora and marketing. The majority of respondents (who 
had not already adopted native plants for a certain purpose and for whom the use would be 
applicable) indicated that they would „definitely‟ or „maybe‟ deploy native plants around their 
vineyard properties for the various uses presented to them (Table 7.7).  
Causes for not establishing native plants 
For most native plant uses presented to growers in section 3 of the survey (Appendix 11) the 
primary concern of growers was again the initial investment required. Notably however a lack 
of knowledge surrounding the use of groundcovers to suppress weeds beneath vines was cited 
by an almost equal number of growers as was the barrier of initial investment. As mentioned 
earlier this is likely due to the fact that at the time of survey distribution this practice was still 
in the research phase with protocols yet to be made available to winegrowers. Risk was a 
barrier cited by 44.8% of growers for establishing native vegetation for conservation of flora 
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and fauna. It is likely this response is due to concerns surrounding pest bird species and the 
potential for native vegetation to exacerbate bird damage to grapes by providing resources 
(shelter, food etc.) to support bird populations (Waipara winegrowers, pers. comm. 2009). It 
would appear that this likely refers to growers establishing native vegetation in addition to 
that already on their premises as over half had indicated they already utilised native plants to 
conserve flora and fauna (see Table 7.7). Risk was also indicated by a significant proportion 
of growers as cause for not utilising native plants for marketing purposes. This may be linked 
to the same proportion of growers citing such a use would „disrupt normal practices‟ and refer 
to the risks and investment which would be required to re-brand grower labels. 
 
7.5.3 Influence of the Greening Waipara project on adoption 
Because awareness and involvement in the Greening Waipara project was so high (100% and 
80%) it was not possible to draw any significant conclusion about how their awareness or 
involvement may have increased their likelihood of adopting the proposed uses of native 
plants. However it is worthy to note that of those growers not involved in the project only one 
grower indicated a single current use of native plants: to create windbreaks. No other use of 
the native plants was practised by those not involved in the project. This could indicate the 
project has increased the use of native plants within vineyard properties, however it could also 
simply reflect the attraction to the project by growers interested in native vegetation. A survey 
of Waipara winegrowers undertaken by Shadbolt (2005) found that 80% of respondents had 
some intention of using native plantings in or around their vineyard. This suggests that during 
the projects‟ inception the intent to use native plants was already in place prior to any 
prolonged promotion by the project. 
 
7.5.4 Perceived benefits of the Greening Waipara project 
It would appear that growers generally agree that the Greening Waipara project has provided 
a raft of benefits including: increased awareness of sustainable agricultural practices; 
motivation to adopt sustainable practices; providing point of difference marketing 
opportunities & improved regional brand recognition; creating and improving collaborative 
links between researchers and winegrowers and making wine related research findings more 
accessible to growers. Growers managing small vineyard operations appeared to support these 
statements especially, perhaps indicating that such benefits are less accessible to them in 
comparison to managers of large vineyard operations, who may have greater resources and 
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time to independently pursue the benefits mentioned above. A roughly equal number of 
respondents agreed and disagreed with regards to the statement „The Greening Waipara 
project has increased sales/winery visits for me‟, however the majority indicated a neutral 
response and this is likely due to growers being unable to ascertain whether sales or visits 
have been directly effected due to the project. (This aspect of the Greening Waipara project 
was further explored in Chapter 6). 
 
7.5.5 Implications of findings 
 Findings from this study revealed that numerous factors determine adoption of sustainable 
agricultural practices by growers. A review of grower adoption literature by Kaine & Bewsell 
(2003 ) concluded that uptake of pest and a disease management practice is a form of 
„complex decision making‟. This entails viewing adoption as a „high involvement purchase‟ 
(Assael, 1998), whereby growers are required to evaluate numerous factors and consider key 
benefits and costs of adoption. Meeting a demand, financial viability, practical logistics and 
various other considerations were all identified as factors which may influence Waipara 
growers in their decision to adopt practices incorporating native New Zealand plants into their 
vineyards. 
Meeting a demand 
For adoption to occur it is important to ensure practices promoted are in demand. The survey 
indicates leafrollers are not a major concern to growers and consequently management 
requirements are low. This would indicate adopting the native plant protocol as a means to 
control this pest through CBC would be low in Waipara, as demand for enhancing this 
ecosystem service is not high. Conversely, a majority of growers indicated weeds required 
moderate to a lot of management within their vineyards. Utilising native plants for weed 
suppression services then, is likely to result in greater adoption than for conservation 
biological control.  
Financial viability 
Financial viability of adopting practices incorporating native plants is paramount to their 
adoption. Schmidt et al. (2007) found that a CBC technique controlled a soybean pest below 
economic thresholds and thereby reduced chemical control costs for the grower, however, the 
technique indirectly reduced crop yields offsetting these cost savings and therefore uptake of 
the technique was low. In most cases growers must perceive the practice to have economic 
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advantages over the relatively simple agrochemical controls (Cullen et al., 2008). Costs 
associated with adopting the practice need to be offset by improved farm profitability, which 
may arise through yield enhancements, avoided costs or improved market access (Cullen et 
al., 2008; Gurr et al., 2005b; Warner, 2007). A study undertaken by Parminter and Perkins 
(1997) investigating the values and goals of 1137 New Zealand farmers, found that 
environmental goals were outweighed by production goals, indicating financial viability of 
practices is critical. However adoption of practices with high initial costs –such as 
establishing native plants beneath grapevines- may be adopted regardless of this if owners are 
not under excessive financial pressure (Underwood & Ripley, 2000), or, if personal and 
community values over-ride financial concerns (Rhodes et al., 2000). Meadows et al. (2008) 
suggest that preserving native vegetation on farmland may require efforts to enhance the ethic 
of biodiversity care amongst farmers, and this may also be true for motivating landowners to 
re-establish such vegetation. This may however be difficult in a society where increased 
production is viewed as the mark of a good farmer and little tangible benefits are bestowed 
upon farmers adopting sustainable practices in the short-term (Burton et al., 2008). Therefore 
although non-monetary values may also influence adoption (Jay, 2005) financial viability 
appears to be the most important motive for adoption. If this is to change, regulatory and 
incentive approaches may be needed (Cullen et al., 2008; Knowler & Bradshaw, 2007; 
Meadows et al., 2008). Indeed such external reform (government subsidies/industry 
regulations/legal restrictions) may be necessary if growers are to adopt more sustainable 
agricultural practices. For instance Jeger (2000) and Kogan (1998 ) both found that it was 
legal reforms banning certain insecticides, rather than any other determinant, which increased 
the adoption of Integrated Pest Management strategies by growers in Southeast Asia. 
Practical logistics  
Ensuring practical logistics have been considered is important to achieve adoption. 
Incorporating native plants into vineyards for CBC or weed suppression requires similar 
considerations as were undertaken for the buckwheat protocol: the plant species must to be 
readily available for purchase or easily propagated; where livestock are present, issues of 
toxicity and palatability of the plants need to be addressed (Landis et al., 2000); the plants 
need to be compatible with the vines regarding its water and nutrient use with any competition 
between the vines and plants either deemed acceptable or ameliorated (Landis et al., 2000; 
Zehnder et al., 2007); plants should be screened for their potential to become weeds or to 
exacerbate frost damage (Orre et al., 2008) and finally the establishment and maintenance of 
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the native plants must be compatible with grower resources including labour, equipment, 
technical knowledge, time and land (Landis et al., 2000).   
 
 
Other considerations 
Other social reasons influence growers‟ adoption of new technologies; being aware of these 
may improve uptake of practices incorporating native plants. Risk, uncertainty and learning 
are issues identified by Marra et al. (2003) that influence the adoption of new agricultural 
technologies and practices. Certainly within this study, risk was a factor cited by several 
growers as a barrier to them adopting the practices suggested. This is supported by earlier 
work by Shadbolt (2005) who also surveyed Waipara winegrowers and found risk to be a key 
factor in preventing grower adoption of CBC practices. Grower adoption may also be affected 
by future expectations (Rosenberg, 1976). The perception of technological advancement and 
knowledge accrual may in fact slow implementation as growers postpone adoption in 
anticipation of future improvements of the technology. Grower characteristics such as age, 
sex & education may also influence adoption (Jay, 2005; Pannell et al., 2006) with either 
female, younger or more highly educated individuals more likely to adopt new innovations 
(Pannell et al., 2006; Shadbolt, 2005), although see Kaine & Bewsell (2003 ). Within this 
study there appeared to be no significant correlations of these characteristics with the adoption 
of the presented practices.  
Knowledge transfer 
In addition to these logistical considerations effective and efficient knowledge transfer 
between research and practice is often cited as being paramount to adoption of practices by 
growers. Warner (2007) suggests the “greatest obstacle to ecologically informed alternative 
practices has not been a shortage of ideas, but more a dearth of practical educational 
initiatives- also known as „extension‟- to help producers learn about them”. Therefore, 
following a logistical analysis for incorporating native plants into agricultural landscapes, 
extension initiatives are required. Agricultural extension is the exchange of knowledge 
between growers, scientists and extension agents (Warner, 2007). Often poor links between 
these are cited for knowledge transfer failures and low grower adoption (Williamson, 1998). 
Addressing this failure is the recent emergence of „agro-environmental partnerships‟, 
„discovery learning‟ and „peoples‟ participation‟ (Mahr, 1996 ; Pretty, 1995; Williamson, 
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1998). These approaches facilitate knowledge transfer through joint grower-researcher 
projects (Warner, 2006b). Key to knowledge transfer is the participation of growers at an 
early stage of research. This ensures research goals meet grower needs, that recommendations 
are practical and that growers are aware of and motivated to adopt new practices. This was the 
case with the Greening Waipara project which arose out of the direct collaborations between 
growers and other interest groups including university researchers, the district council and a 
New Zealand Crown Research Institute, Landcare Research.  
 
7.6 Conclusions 
Establishing native vegetation within the Waipara landscape requires a consideration of both 
site conditions and plant species. However it would appear the most important consideration 
is that of post planting maintenance.  
The Greening Waipara project appears to have increased awareness and adoption of certain 
sustainable agricultural practices among Waipara growers. Awareness of both buckwheat and 
native plant protocols was significantly enhanced through the projects promotional materials. 
Almost half of the growers for which the buckwheat protocol was applicable had adopted the 
practice. Few growers had adopted the ground-covering native plant protocol and this was 
probably due to a lack of available guidelines surrounding this protocol and the fact that it is 
still undergoing refinement. Failure to adopt protocols was primarily linked to initial 
investment costs. Consistent with past studies, it would appear that financial viability is of 
paramount importance to ensuring adoption of practices by landowners in New Zealand. This 
requirement for adoption, however, may be tempered by social or non-monetary values of 
growers. Other generic barriers frequently cited by growers for a lack of adoption included 
risk, a lack of knowledge and potential disruption to normal practices. In light of practical 
logistics, these barriers require consideration if protocols incorporating native plants are to be 
adopted to any great extent by Waipara land owners.  
These findings reiterate the complexity of determinants involved in a grower‟s decision to 
adopt an agricultural practice. The Greening Waipara project would appear to present an 
example of agro-ecological extension which has facilitated both awareness and adoption of 
sustainable agricultural practices in Waipara. Such extension improves a growers 
understanding of an agricultural practice, including its costs and benefits. Arguably this will 
improve a grower‟s ability to determine if the practice should be adopted. Consequently 
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similar projects may be utilised to successfully incorporate native vegetation into New 
Zealand‟s agricultural landscapes.   
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     Chapter 8 
Concluding discussion 
This final chapter provides a synthesis of the major findings of this thesis and evaluates the 
extent to which key objectives were met. The likelihood of the practices developed within this 
thesis being adopted by agriculturalists is discussed as well as the implications of the findings 
for the wine sector, sustainable agriculture and conservation. The final section suggests future 
directions which research in this area may take. 
 
8.1 Key objectives  
The over-arching aim of the thesis was to gain a better understanding of the ecosystem 
services (ES) that native New Zealand plants may provide within our agricultural landscapes, 
particularly within vineyards (see Section 1.5.2). The scope of this thesis led to the 
consideration of several ES (Section 1.4: Table 1.1) including conservation biological control 
(CBC), marketing opportunities, biodiversity conservation, soil health, greenhouse gas (GHG) 
sequestration and weed suppression. Of these, the first two received greatest attention. The 
degree to which findings from this thesis support the hypothesis that native plants provide 
these ES is now evaluated. 
 
Conservation biological control 
While nectar sugar ratios do not appear to be a tool by which floral resources may be short-
listed for CBC (see Chapter 2), laboratory screening of flowering plants did identify a number 
of native plants which may be suitable for enhancing CBC in New Zealand‟s agricultural 
landscapes (see Chapter 3). Findings reiterated, however, the need to assess flowering plants 
in the context of the agricultural system in which they are to be deployed. This was concluded 
after finding that floral resources of a plant species impacted invertebrate species to varying 
degrees. Of those plants tested, Muehlenbeckia astonii Petrie (Polygonaceae) was found to be 
the most suitable for systems where the brassica pest Plutella xylostella L. (Lepidoptera: 
Plutellidae) requires management, as the floral resources of this plant significantly enhanced 
the fitness of this pest‟s key natural enemy. The suitability therefore of a particular native 
plant species to be deployed for CBC enhancement will partly depend on the identity of target 
  
 211 
pests and or their natural enemies  (for a full discussion of considerations for floral resource 
selection see Section 3.2).  
Of the plant species deployed beneath grapevines Muehlenbeckia axillaris Hook.f., Endl. 
(Polygonaceae), Leptinella dioica Hook.f. (Asteraceae) and Acaena inermis Hook.f. 
(Rosaceae) were identified as the most suitable plants for potential CBC enhancement in 
vineyards (see Chapter 4). M. axillaris appeared to be the most suitable species with regards 
to selective floral resource provisioning for leafroller pest management while L. dioica may 
be suitable for enhancing the fitness of Cryptolaemus montrouzieri Mulsant (Coleoptera: 
Coccinellidae) a natural enemy of another vineyard pest, the mealybug Pseudococcus 
longispinus (Targioni-Tozzetti). 
Observations and laboratory experiments suggested that the resources provided by remnant 
vegetation within the Waipara valley will enhance the fitness of natural enemies. Results also 
indicated that these habitats, dominated by matagouri plants, support populations of 
invertebrates important for crop pollination. These findings provide support for the 
conservation of native remnants in agricultural landscapes on the basis that they are providing 
ecosystem services. 
 
Marketing opportunities 
Marketing is concerned with brand loyalty and consequent sales (Keller & Webster, 2009). 
This thesis explored the potential for wine growers to enhance the brand loyalty of their 
customers by establishing native plants within their properties. Native plants deployed within 
biodiversity trails at winery cellar doors provided wine consumers with an experience which 
may strengthen their brand loyalty to a winery. The survey conducted with winery visitors 
found native plant biodiversity trails will provide a learning experience; which makes some 
visitors feel more connected to the winery and more likely to recommend the winery and its 
products to others. These findings suggest native plant biodiversity trails add positively to a 
visitor‟s winery experience, which will improve brand loyalty and may increase wine 
purchasing (see Chapter 6). Although visitor responses indicate wine sales are not directly 
affected on the day of walking the trail, post-visit purchases are likely to be affected due to 
the aforementioned impact on a visitor‟s winery experience.  
Establishing native plants within a regional project which aims to improve the sustainability 
of agricultural production may also provide marketing opportunities at that scale. Waipara 
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winegrowers participating within the project Greening Waipara, mostly agreed that this 
project provided point of difference marketing opportunities and generated greater regional 
brand recognition (see Section 7.5.4). Aligning businesses with a project promoting native 
plant restoration, and doing just that, would appear to provide valuable marketing 
opportunities.  
 
Biodiversity conservation 
Biodiversity may be viewed as an ES when increased diversity leads to enhanced ecosystem 
functioning. Although this relationship requires further clarification (Cardinale et al., 2006; 
Loreau et al., 2002) there is strong evidence to suggest biodiversity itself is critical in 
sustaining ES (MEA, 2005). Using a taxonomic phrase, biodiversity may be seen as a 
„Superfamily‟ of many other ES. For instance pollination and pest control are two ES of 
particular interest to agriculture, which are sensitive to biodiversity loss (MEA, 2005). This 
study found higher diversity of arthropods beneath grapevines in areas where native plants 
were deployed compared to areas where they were absent. In some cases this higher diversity 
was maintained by the native plants during the winter. This may result in a cumulative 
enhancement of biodiversity within the vineyard over time as invertebrates will be retained 
within the system rather than arriving seasonally from refuges surrounding the crop (see 
Sections 4.3.2.1 & 4.4.2). While an increase in diversity may bring with it improved 
ecosystem services (such as pest control) this will rely on the identity of the species and their 
function (Hooper & Vitousek, 1997; Tilman, 1997). Therefore while this study has found that 
native plants do indeed preserve biodiversity, the ramifications of this for the provision of ES 
other than biodiversity conservation are yet to be resolved. 
 
Soil health and GHG sequestration 
Groundcover native plant species established beneath grapevines varied in their effect on the 
tested soil parameters, which included soil moisture, microbial populations and activity and 
total organic carbon (see Sections 4.3.2.3 & 4.4.4). Findings indicate soil moisture and 
microbial activity are affected where native plants are established. Soil moisture was 
conserved by some native plant treatments and where this did not occur, soil moisture did not 
significantly differ from unplanted areas. Discussions with the vineyard manager revealed no 
additional water was necessary to vines which had native plants established beneath them, 
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indicating that competition with the vines should not be of concern to growers. Indirect 
assessments of microbial activity revealed that it was heightened in soil directly beneath 
native plant treatments. This may have implications for vine health; although identification of 
microbes responsible for the activity is required to determine this. While no significant effects 
of the plants on the vineyard soil‟s total organic carbon, microbial populations or GHG 
sequestration were observed, this may have been due to the short time which plants had been 
established.  
 
Weed suppression  
Management of weeds is a major concern of vineyard managers, including Waipara growers 
(see Chapter 6). This study found that certain native plant species competed effectively with 
weeds in areas in which they were established over the duration of the study (see Section 
4.3.2.4 & 4.4.5). Of those species trialled in the North Canterbury vineyard, L. dioica and A. 
inermis showed the lowest weed penetration. These species can provide vineyard managers 
with an alternative form of weed control, capable of replacing the currently prevalent 
mechanical and chemical methods. Longer term studies will be needed however, to assess the 
extended competitiveness of the native plants.  
 
8.2 Likelihood of adoption by agriculturalists 
This thesis argues that if native plants provide ES of value to agriculturalists, they are more 
likely to establish such plants within the agricultural landscape. Such pre-requisites would be 
true whether plants are to be established around crops or beneath grapevines. Findings 
presented here suggest that native plants provide or enhance ES which agriculturalists‟ value. 
These included biological control of pests, marketing opportunities, conservation of 
biodiversity, weed suppression and soil health. While further research remains to clarify the 
extent to which these services are realized (especially in an economic sense) it appears that 
native plants do provide or enhance these services. It may be that an accumulation of these 
ES, rather than one alone, will lead growers to establish native plants. For instance while 
native plants may primarily be deployed in a vineyard for weed suppression, growers may be 
more likely to establish the plants knowing other ES such as pest suppression were also being 
enhanced.  
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Knowledge of these ES provisions should increase the likelihood of agriculturalists adopting 
practices which incorporate New Zealand‟s native flora. For such adoption to be facilitated 
however, an appreciation of a grower‟s decision-making is called for. This study found that if 
practices incorporating native plants are to be adopted by growers, a wide range of issues 
require consideration. Ensuring plant establishment is meeting a demand, financially viable 
and that logistics are practical were found to be critical if adoption was to take place (see 
Section 7.5.5). Projects such as Greening Waipara provide a model by which native plants 
may be integrated into production landscapes. Such agro-ecological extension (Warner, 2007) 
could be used to increase the awareness of ES that native plants provide and consequently 
facilitate grower adoption of these practices.  
It may be, however, that the financial incentive from the market for native plant establishment 
will not cover grower costs, especially not in the short term. However, if society were to pay 
for those ES provided by the native plants which may be considered public goods, then their 
establishment would be more cost effective and consequently more likely. This issue of 
appropriately compensating growers for generating ES is further discussed in Section 8.6. 
 
8.3 Implications for the New Zealand wine industry 
This study provides a better understanding of the value native plants may have within the 
wine industry. Findings suggest several native plant species can provide ES of value to wine 
growers, both in the vineyard and in the market place.  
As described earlier (Section 8.1.2), native plants provide numerous marketing opportunities 
which align with the wine industry‟s commitment to protect the environmental integrity of 
New Zealand wine and justify the established „clean, green‟ image brand (see Section 1.5). 
Beyond marketing is the potential for native plants to reduce production costs. Work carried 
out here suggests native plants can contribute to biological control of pests and weed 
suppression. These attributes could bring about reduced pest and weed management 
expenditures for vineyard managers. At the very least there is likely to be cost neutrality with 
the added value of doing something positive for the „clean green‟ image of wine and 
contributing to sense of place/identity.  
While further work remains to clarify the impact of native plant resources on natural enemies 
in the vineyard (see Section 8.6), there exists the potential to reduce pest management costs as 
has been achieved by using the non-native plant buckwheat (Jacometti et al., 2008; Sandhu et 
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al., 2010). Scarratt (2005) found the deployment of buckwheat in New Zealand vineyards can 
reduce leafroller pests to below an economic threshold at which agrochemical sprays are 
commonly applied. This led to savings in annual variable costs of $250/ha/yr. While research 
has not yet determined the optimal quantity of buckwheat flowers necessary to achieve such 
pest suppression, it would appear the high floral density that this species provides is proving 
effective. This suggests the lower floral densities of the native plants tested here may play 
only a supplemental role in regards to pest management. Other attributes of the native plants 
such as their provision of shelter to predators is, however, likely to increase their CBC value. 
Further research therefore may yet show native plants are capable of attaining similar pest 
control to that achieved by buckwheat. 
While CBC is currently viewed as an alternative to chemical pest control, it may soon become 
a necessity as market demands for residue free wines grow. As stated by Stuart Smith (2007), 
chair of New Zealand Winegrowers “…One day, and I believe that day is not too far away, 
the market will say no residues. No residues!” This prediction of market demands 
demonstrates the importance for growers to find alternatives to pesticides. Native New 
Zealand plants may offer growers an alternative to turn to when most pesticides are no longer 
an option. 
Native plants showed promise at providing weed suppression in vineyards and this may 
provide an economic incentive for their establishment. Current estimates for weed 
management in vineyards range from $200 to $600/ha/yr depending on row spacing and weed 
pressure (J. Hamlet, Villa Maria Wines, pers. comm. 2009). For Marlborough vineyards with 
2m row spacing, weed management (using mechanical weeders) costs approximately 
$300/ha/yr. Within this study, weed management (while native plants were establishing 
beneath the vines) cost $611/ha/yr. If weed suppression by native plants was effective once 
they were established, then this could substantially reduce costs in the long term for 
herbicides or mechanical weeding and off-set initial establishment expenditure.  
Extending the findings of this thesis to grape growing regions outside North Canterbury 
should incorporate an appreciation of the region‟s particular physicial and viticultural 
environment and how that compares to North Canterbury. For instance weed pressure at the 
North Canterbury field sites was relatively low. If native plant species are to be established in 
regions experiencing higher weed pressure, suppression of weeds by the native plants may be 
lower than those reported here. Alternatively, conditions outside of Canterbury may prove 
more suitable for the native plants, resulting in even more favorable outcomes than those 
reported here. 
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The establishment of native plants within vineyards therefore offers the wine industry 
opportunities to meet market demands for high quality wine produced using more sustainable 
practices while adding critical biodiversity options. 
 
8.4 Implications for sustainable agriculture 
The ES investigated within this study included “supporting”, “cultural” and “regulating” 
services (Daily et al., 1997). These are of interest to agriculture today because it is through 
their enhancement that agriculture may become more productive and arguably more 
sustainable (Tilman et al., 2002). This study demonstrated that managing agricultural systems 
for ES enhancement requires a „systems approach‟ (Robertson et al., 2004). Conservation 
biological control exemplifies this when plant communities are manipulated (at either field or 
landscape scales) to achieve arthropod pest population suppression from natural enemies 
(Swinton et al., 2006). The addition of native plants to vineyards for CBC enhancement 
demands that growers understand how different parts of the farm system interact: which 
plants provide resource subsidies to natural enemies at the right time, quantity or quality; 
without benefitting the pest or other non-target organisms? Therefore if native plants can be 
incorporated into the agricultural landscape to provide or enhance supporting or regulating 
services, agricultural productivity and sustainability will be improved.   
Within New Zealand the requirement for agriculture to ensure its practices are sustainable 
were reiterated by the recent KPMG report (2010) which states „Sustainability is an 
imperative- like it or not‟. This report reflects the major concerns of agribusiness in New 
Zealand and concluded that growers need to adopt practices which retain the “100% Pure, 
clean, green” nature of the New Zealand brand. Establishing native New Zealand plants 
within our agricultural landscapes provides agribusiness with an opportunity to address this 
challenge. 
 
8.5 Implications for conservation 
The intensification of farming in Canterbury has recently raised concerns about the continued 
loss of biodiversity that this region is sustaining (Landcare Research, 2009). To either revert 
or prevent further loss, there is an urgent need for the value of native plants to be understood. 
While agricultural intensification in New Zealand is often linked with biodiversity loss(Lee et 
al., 2008; PCE, 2004)  there exists the possibility for it to be a key driver for its restoration 
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and conservation. Moller et al. (2008) propose the key to mitigating impacts of agricultural 
intensification in modified landscapes is to promote sustainable land-use practices that 
integrate extractive resource use with conservation. Identifying ecosystem services provided 
by native plants presents an opportunity for integrating conservation and production. This 
thesis provides support for the hypothesis that native New Zealand plants provide ES in 
agricultural landscapes. On the basis of this finding, we may conclude that the „conservation 
movement‟ can find common ground with agribusiness. Appreciating native plants for the ES 
they provide presents agriculturalists with a pragmatic incentive to maintain or establish such 
plants. Consequently native plant establishment has the potential to generate mutually 
beneficial outcomes for these two, traditionally opposing, interest groups. 
 
8.6 Evaluating the ecosystem services of native plants 
Many argue that ES need to be further incorporated into the economy to ensure their 
conservation in agricultural landscapes (Gutman, 2007; Kroeger & Casey, 2007; Sandhu et 
al., 2008; Tilman et al., 2002). Firstly, this requires an ability to measure ES so that a market 
evaluation is possible (Dale & Polasky, 2007; Swinton et al., 2006). If this is achieved, 
growers can receive financial incentives to preserve the ES that their land generates. Where 
ES are public goods it is likely that government-generated incentives, rather than market-
based payments, will be necessary as growers will have little financial interest in maintaining 
such services (Dale & Polasky, 2007; Kroeger & Casey, 2007). Therefore, growers 
establishing native plants may find market-based incentives exist for ES such as marketing, 
weed suppression or pest control, however, other ES these native plants provide may be 
public goods and lack any direct financial incentive. Conservation of species, cultural value or 
aesthetics would be examples. Those ES currently valued by the market may fail to provide 
adequate incentive to establish native plants. Potentially only when the accumulated value of 
all ES is compensated for, including public ES, will growers be satisfactorily motivated to 
establish native plants. 
Compensation for ES which are public goods would probably entail government generated 
incentives such as subsidies or tax reductions (Kroeger & Casey, 2007) and could be 
delivered via agri-environment schemes similar to those of the US, UK and Europe, although 
these have achieved mixed results (Kleijn & Sutherland, 2003; Kleijn et al., 2006). All of this, 
of course, requires society‟s acknowledgement and willingness to pay for ES provided by 
native plants in privately owned land. 
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8.7 Potential future research 
Despite the clear potential for native plants to provide a variety of ES within agricultural 
landscapes, major research gaps remain to be filled before a complete picture of their ES 
provision is attained.  
Continued assessment of the vineyard trial would provide further information on the ES 
provided by the native plants and the practicalities of their deployment in vineyards. While 
findings demonstrated that native plants have the potential to provide or enhance ES, this may 
become more evident after plants have been established for a longer time. Assessment of 
parameters associated with soil health, for instance, are more likely to identify measurable 
changes between planted and unplanted treatments after plants have contributed larger 
amounts of organic matter to the vineyard soil. This requires time.  
Establishing long-term trials with those plant species recommended for weed suppression 
would allow protocols for their deployment to be further refined concerning plant material 
sourcing, planting distances and weed management requirements during establishment. Such 
a trial would provide growers with further information on the financial viability of utilizing 
native plants for weed suppression. 
This study was limited in the number of native plant species it was able to assess for ES 
provision. An appraisal of other species may identify additional species that are suitable for 
specific ES provision.  
Work remains to determine the impact of the native plants on leafroller management. 
Due to culturing difficulties this study was not able to establish the effect of the native plant‟s 
floral resources on the key leafroller parasitoid, Dolichogenidea tasmanica Cameron 
(Hymenoptera: Braconidae). Testing this natural enemy would provide a clearer 
understanding of the potential for the native plants to achieve what the buckwheat protocol 
has done with regards to leafroller management, which was essentially the catalyst for this 
thesis. In addition to D. tasmanica, other natural enemies of leafrollers may benefit from the 
floral resources of the native plants. Several floral resources enhance the fitness of lacewings 
(Neuroptera: Hemerobiidae) (Robinson et al., 2008) (see Section 3.4.2), and there also exists 
the possibility of spiders (Araneae) benefiting from the native floral resources. Both pollen 
and floral nectar may supplement spider diets (Smith & Mommsen, 1984; Taylor & Foster, 
1996; Vogelei & Greissl, 1989) which probably enhances the survival and fitness of these 
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predators (Taylor & Pfannenstiel, 2009; Taylor & Bradley, 2009). Therefore, further 
assessment of the effect that native plants have on these natural enemies would improve our 
understanding of how these plants contribute to leafroller management.  
While leafroller management was a focus of this thesis, other vineyard pests may be affected 
by the deployment of the native plants. Mealybugs, for instance, are a major pest in New 
Zealand vineyards(Bonfiglioli & Hoskins, 2006) and current work is revealing that vineyard 
floor manipulation, including cover crops, may play an important part in the management of 
this pest (D. Reid, winegrower, pers. comm. 2010). It is necessary to ensure that the effective 
management of leafrollers does not come at the expense of exacerbating another vineyard 
pest.  
Further research into the contribution of native plant remnants to arthropod pest control, and 
indeed other ES such as crop pollination, could be undertaken. While this study indicated the 
floral resources of matagouri (the dominant plant species in native-plant remnants in the 
Waipara valley) may play a role in enhancing the fitness of natural enemies, the overall value 
of these remnants for pest management is poorly known. Determining the extent to which 
natural enemies move between these remnants and agricultural crops would greatly improve 
our understanding of the contribution that these remaining stands of vegetation may have on 
pest control. A current PhD programme at Lincoln University is investigating this (M. 
Anderson, unpublished). 
Several potential ES provided by native plants were outside the scope of this study. Further 
research of these, such as wastewater filtration, erosion control, shelter (shelterbelts), 
aesthetics and culture, could be explored. Improving our knowledge and awareness of these 
ES provisions will also influence the establishment of native plants in agricultural landscapes.  
Once ecosystem services provided by native plants are known, an assessment of their value 
may be possible, depending on their measurability. Future research could then determine the 
public‟s „willingness to pay‟ (WTP) and grower „willingness to accept payment‟ (WTA) for 
these services. Such economic evaluation of ES provided by native plants may be critical in 
generating policy which promotes their establishment within agricultural landscapes. 
Several authors have called for a holistic approach when investigating the value of 
conservation (Mortimer et al 2010; Udovc & Paavola 2010) and recommend such work is 
necessary to evaluate the true value of conservation in agricultural landscapes (Edwards 
1995). Arguably this work has provided an example of such an approach. This 
multidisciplinary study combined biological with social science approaches to evaluate the 
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ability of native plants to provide multiple ecosystem services within vineyards. The work 
required the co-operation and input of both biological and social scientists and consequently it 
generated outcomes which may otherwise have been disparate studies incapable of 
synthesising an outcome of value to growers.Undeniably undertaking a study of this breadth 
extends the author resources, and may limit the depth by which each aspect of the work can 
practically be explored. Therefore while further multi-disciplinary work of the kind presented 
here is encouraged, it is recommended resources are confirmed to be sufficient to ensure the 
depth of the work is acceptable. 
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A final dedication to those whose work often goes unnoticed. 
 
“If all mankind were to disappear, the world would regenerate back 
to the rich state of equilibrium that existed ten thousand years ago. If 
insects were to vanish, the environment would collapse into chaos.”  
        ~ E. O. Wilson 
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Appendix 
A.1 Kaplan Meier survivorship curves for male (a) and female (b) 
lacewing (Section 3.4.2, experiment 3) and LBAM (c) (Section 
3.4.5) 
(a) Male lacewing survival 
Kaplan-Meier estimate of the survivor function Male Lacewing Exp3
0.8
20.00.0 5.0 10.0 15.0
0.0
0.2
2.5
0.4
12.5
0.6
1.0
7.5 17.5
E
st
im
a
te
d
 s
u
rv
iv
o
r 
fu
n
ct
io
n
Survival time
Group Control water
Censored Group Control water
Censored Group M. astonii
Censored Group Hebe
Group Hebe
Key
Group M. astonii
 
X
2
=15.99, d.f=2, P<0.001 
(b) Female lacewing survival 
Kaplan-Meier estimate of the survivor function LacewingFemaleExp3
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 (c) Kaplan Meier survivorship curves for female LBAM 
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A.2 Preliminary investigation of nectar production by cut flowers 
over time 
Materials and methods 
 
A flowering shoot of K. ericoides, attached to a rooted specimen of the species located within 
the property of Landcare Research, Lincoln, New Zealand, was covered with a nylon mesh 
sleeve to exclude floral visitors. At 10am the following day nectar samples from individual 
flowers were taken using fine paper wicks which were immediately transferred into 0.6 ml 
Eppendorf tubes that contained 70% ethanol to prevent enzyme activity (Vattala 2006). 
Flowers were tagged with a number and removed from the plant with a portion of stem. Stem 
ends were placed within vials containing water and kept in the laboratory under a 16:8 L/D 
photoperiod at 20ºC with a 3ºC range. Fluid which accumulated within the nectary of the 
flowers was then sampled as described above at 24, 48 and 72 hours. HPLC analysis was 
undertaken to measure relative quantities of sucrose, glucose and fructose, following 
Steppuhn & Wäckers (2004). 
 
Results 
 
Time* 
Fructose 
mg/mL   
Glucose 
mg/mL   
0hrs  0.328 0.217 
24hrs 0.15 0.04 
48hrs 0.18 0.1 
72hrs 0.14 0.04 
* Time taken from removal of plant stem from the rooted plant, with 0hrs being sampled 
while the inflorescence was still attached to the plant. 
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A.3 Source of E. postvittana and C. montrouzieri  
 
Source of C. montrouzieri pupae 
 
Zonda Resources Ltd 
Pukekohe 
New Zealand 
Email: zonda@zonda.net.nz 
Fax: 09 236 3705 
 
Source of E. postvittana and „diet‟ for this study 
 
Anne Barrington 
The Insect Rearing Unit 
Insect Science Group 
Crop & Food 
Mt. Albert 
Auckland 
New Zealand 
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A.4 Dilution plating media recipes 
King’s Medium B (KB) : for fluorescent Pseudomonads (King et al. 1954) 
20g Protease peptone No.3(Difco) 
10mL glycerol 
1.5g K2HPO4 
1.5g MgSO4,7H2O 
15g Technical Agar No.3 (Oxoid) 
H2O to make 1L 
The pH adjusted to 7.2 with 1M NaOH at 25⁰C prior to autoclaving 
Fluorscent Pseudomonas were observed under UV light as fluorescent colonies (King et al., 
1954). 
 
Cellulolytic Bacteria Agar (CBA): for cellulolytic bacteria (Tuitert et al. 1998) 
20mg per ml fibrose cellulose powder 
1mg per ml of (NH4)2SO4 
1mg per ml of CaCO3  
0.5ml per ml of MgSO4·7H2O, NaCl, and K2HPO4 
100 μg per ml of cycloheximide 
15 mg of agar per ml 
Cellylolytic activity indicated by a zone of clearing around the colony.  
 
Phosphorus Indicative Agar (PIA) (Dore 2009)* 
Per Litre at pH 7.2 
4g Ca3(PO4)2 
10g glucose 
5 NH4Cl 
1g NaCl 
20g agar 
1g MgSO4 
*Phosphate solubilisation indicated by a zone of clearing around the colony.  
 
Nutrient Agar (NA) 
Oxoid nutrient agar 28g/L SDW 
The agar was added and dissolved before the solution was autoclaved (15 min, 121ºC, 15 Psi) 
and then allowed to cool to 50ºC. 
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A.5 Plant growth correlated with plant survival 
(a) Growth and survival of plants at 12 months  
 
Fitted and observed relationship with 95% confidence limits
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(b) Growth (12months) and survival (24months)  
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A.6 Spider density correlated to arthropod diversity 
 
(a) August sampling date 
 
Fitted and observed relationship with 95% confidence limits
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(b) March sampling date 
 
Fitted and observed relationship with 95% confidence limits
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A.7 Additional GHG sampling of native planting sites 
GHG data was collected (as described in Section 4.2.4.3.5) from a 3 year old native planting 
site at the Mud House property and at a nearby blackcurrant farm where a 1 year old plantings 
of native shrubs were present. 
Mud House 3 year old native planting site  
Soil CH4 flux (ug CH4-Cm
-2
h
-1
) (0 to 20 minute fluxes)* 
 
Rep No Native plant Grass 
1 -7.12 -36.29 
2 -0.07 2.66 
3 -23.28 -1.06 
Mean -10.16 -11.56 
SD 11.90 21.49 
SEM 6.87 12.41 
Soil N20 flux (ugN2O-N m
-2
h
-1
) (0 to 20 minute fluxes)* 
 
Rep No Native plant Grass 
1 8.76 11.29 
2 17.14 13.29 
3 17.32 2.7 
Mean 14.41 9.09 
SD 4.89 5.63 
SEM 2.82 3.25 
Soil temperature at 50mm (ºC) 
   
Rep No Native plant Grass 
1 14 15.6 
2 14 14.4 
3 13.9 14.9 
Mean 13.97 14.97 
SD 0.06 0.60 
SEM 0.03 0.35 
Soil water content at 50mm (%) 
   
Rep No Native plant Grass 
1 14 19 
2 13 19 
3 15 17 
Mean 14.00 18.33 
SD 1.00 1.15 
SEM 0.58 0.67 
Notes: Negative notation denotes CH4/N2O consumption by the soil (and positive fluxes indicate 
emission). 
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Blackcurrent farm 1 year old native planting site  
 
Soil CH4 flux (ug CH4-Cm-2h-1) (0 to 20minute fluxes)* 
 
Rep No Native plant Grass 
1 -18.96 -45.16 
2 -10.7 -13.75 
3 -13.75 3.93 
Mean -14.47 -18.33 
SD 4.18 24.86 
SEM 2.41 14.35 
Soil N20 flux (ugN2O-N m
-2
h
-1
) (0 to 20minute fluxes)* 
 
Rep No Native plant Grass 
1 11.82 6.32 
2 6.82 1.54 
3 5.58 6.58 
Mean 8.07 4.81 
SD 3.30 2.84 
SEM 1.91 1.64 
Soil temperature at 50mm (ºC) 
   
Rep No Native plant Grass 
1 12.7 12.7 
2 12.8 12.6 
3 12.9 11.9 
Mean 12.80 12.40 
SD 0.10 0.44 
SEM 0.06 0.25 
Soil water content at 50mm (%) 
   
Rep No Native plant Grass 
1 20.3 28.9 
2 17.5 23.5 
3 20 26.3 
Mean 19.27 26.23 
SD 1.54 2.70 
SEM 0.89 1.56 
Notes: Negative notation denotes CH4/N2O consumption by the soil (and positive 
fluxes indicate emission). 
 
 
  
 263 
A.8 A preliminary investigation of herbicide resistance in 
Muehlenbeckia spp.  
Materials and method 
Species within the Muehlenbeckia genus including M. axillaris, M. australis, M. complexa 
and M. astonii were subjected to an application of glyphosate to investigate their tolerance to 
herbicide. 
Plants were arranged in a randomised block design and sprayed with glyphosate (3.6g/L 
active ingredient) on the 22
nd
 of September 2009. Control treatments of each species included 
un-sprayed individuals. Three replicates of each treatment occurred. Plants were maintained at 
Lincoln University glasshouses with adequate water supply. Observations of plant condition 
were made on the 29
th
 of September and 7
th
 of October.  
Results 
All native plants sprayed with glyphosate appeared to show some tolerance to this herbicide 
application (see table below). Notably no impact of the herbicide on M. australis was 
observed. The rapid browning of sprayed grass treatments confirmed the herbicide‟s toxicity.  
 
Treatment 
Observed response 
Condition  
7 days post-spray 
Condition  
15 days post-spray 
M. axillaris no notable signs some browning & leafloss, new leaves emerging 
M. axillaris no notable signs some browning & leafloss, new leaves emerging 
M. axillaris no notable signs some browning & leafloss, new leaves emerging 
M. axillaris control no notable signs no notable signs 
M. axillaris control no notable signs no notable signs 
M. axillaris control no notable signs no notable signs 
   
M. australis no notable signs no notable signs 
M. australis no notable signs no notable signs 
M. australis no notable signs no notable signs 
M. australis control  no notable signs no notable signs 
M. australis control  no notable signs no notable signs 
M. australis control  no notable signs no notable signs 
   
M. complexa no notable signs some marbling / browning 
M. complexa no notable signs some marbling / browning 
M. complexa no notable signs some marbling / browning 
M. complexa control no notable signs no notable signs 
M. complexa control no notable signs no notable signs 
M. complexa control no notable signs no notable signs 
   
   
   
(Continued on next page)  
  
 264 
Treatment 
Observed response 
Condition  
7 days post-spray 
Condition  
15 days post-spray 
   
   
M. astonii Some leaf fall Some leaf fall 
M. astonii Some leaf fall Some leaf fall 
M. astonii Some leaf fall Some leaf fall 
M. astonii control no notable signs no notable signs 
M. astonii control no notable signs no notable signs 
M. astonii control no notable signs no notable signs 
   
Grass sprayed notable browning notable browning / dry 
Grass sprayed notable browning notable browning /dry 
Grass sprayed notable browning notable browning / dry 
Grass control no notable signs no notable signs 
Grass control no notable signs no notable signs 
Grass control no notable signs no notable signs 
   
   
   
   
   
   
   
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 265 
A.9 Greening Waipara survey for winery visitors    
 
Location __________________Date_________  
 
Hi, my name is ______________, and I am currently conducting research on behalf of 
Lincoln University with visitors to Waipara wineries, asking them about their winery and 
vineyard experiences and this visit to the Waipara area.   
The survey will take approximately 10 minutes of your time to complete, depending on your 
responses.   
The questionnaire is anonymous and your participation in this survey is completely voluntary.  
You may refuse to answer any question and may at any time withdraw your participation.  
The results of the project will be published and data may be used in future research.  If you 
complete the questionnaire it will be understood that you have consented to participate in the 
project and consent to publication of the results of the project with the understanding that 
anonymity will be preserved.    
 Would you be willing to participate? [If No: thank them; If Yes: thank them and 
continue] 
If necessary, ask: Can I confirm that you are 18 years of age or older? [If No: thank 
them; If Yes: thank them and continue] 
1. Firstly, where do you usually live? 
Christchurch 1 
Other Canterbury: (specify: ___________________ ) 2 
Other Domestic: (specify: ____________________ ) 3 
International: (specify: _______________________ ) 4 
 
2.  Do you consider yourself an urban or rural dweller? 
Urban 1  
Rural 2   
 
 
3. What is the main purpose of this trip to Waipara? (don‟t read out; single response) 
Wine tasting at a number of wineries 1 
Lunch at a winery 2 
Wine tasting at one winery 3 
Learning about the Greening Waipara project 4 
Passing through (short stop) 5 
Other (specify: ______________________ ) 6 
Not applicable: live in Waipara.  Skip to Q.5a. 9 
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4. Have you visited Waipara before today? 
Yes 1  
 No  2  Skip to Q.6a 
4b. If Yes: Approximately how many times have you visited Waipara? ______  
5a.   Have you visited [this winery/vineyard] before today? 
Yes 1  
 No  2  Skip to Q.6a  
5b. If Yes: Approximately how many times have you visited [this winery/vineyard]?  
_______    
6a. Thinking about your visit to [this winery], how important were the following factors in 
your decision to visit?  [SHOWCARD 1] 
 
6b. What is your main reason for visiting [this winery] today?  [SHOWCARD 2] 
7a. Were you aware of the Greening Waipara project before today? 
Yes 1   
No  2  Skip to Q.8 
 
 
 
 
 
 
 
 
 Very Impt              Neutral                 Not at all    6b. 
Tasting wine 1               2               3               4               5 1 
Learning about wine tasting 1               2               3               4               5 2 
Purchasing wine 1               2               3               4               5 3 
Learning about wine making 1               2               3               4               5 4 
Learning how to cellar wines 1               2               3               4               5 5 
Touring the winery buildings 1               2               3               4               5 6 
Touring the vineyard 1               2               3               4               5 7 
Viewing the regional landscape  1               2               3               4               5 8 
Learning about the Greening Waipara project 1               2               3               4               5 9 
Having a day out with friends/family 1               2               3               4               5 10 
Eating at the winery restaurant/café 1               2               3               4               5 11 
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7 b. If heard of the Greening Waipara Project:  Where did you first hear about the 
Greening Waipara project? (one only) 
7.c Where else have you heard about it? (select as many as applicable) 
 7b. 7c. 
Newspaper 1 1 
TV News 2 2 
Greening Waipara Newsletter/Brochure 3 3 
Internet (specify site:                                             ) 4 4 
Word of mouth (friends, family, colleagues etc) 5 5 
Previous visit to Waipara winery 6 6 
Through work 7 7 
Other (specify: ______________________ ) 9 9 
 
Read to all: The Greening Waipara project is a joint venture between Waipara Wine Growers and a 
number of research bodies, including Lincoln University and Landcare Research, which aims to 
increase the biodiversity of the Waipara wine-growing area by putting native plants back into the area 
and to use natural pest and disease control methods to reduce reliance on herbicides and pesticides.  As 
part of this project, some vineyards have established a biodiversity trail near their wineries. 
8. Are you aware of the Greening Waipara Biodiversity Trail at this vineyard? 
Yes 1  Skip to Q.10 
 No  2   
  
Point out the biodiversity trail, if possible, and describe:  The biodiversity trail is a pathway 
established with signage explaining and showing the work being done in the Greening Waipara 
project.  There are a range of plants on display, with a description of their role in the vineyard, and 
examples of other things being done in the vineyard to entice back native animals and insects. 
  
9a. Now that you‟ve heard about it, on a scale from one to five, how interested would you 
be in walking the trail 1= Very interested; 5= Not at all interested. [SHOWCARD 3] 
 
 
 
 
 
 
 
 
 
 
 V. Interested            Neutral              Not at all interested   
Interest in the trail  1               2               3               4               5 
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9b. If 4 or 5, Why do you say that? (multiple response) 
9c. If more than one answer given: What is your main reason for not being interested in the 
trail? 
 9b. 9c. 
No time 1 1 
Not interested in these issues 2 2 
Personal physical constraints  3 3 
Interpersonal constraints (eg kids, companions not keen)  4 4 
Been on similar trail elsewhere 
(Specify: _______________________________) 
5 5 
Other (Specify___________________________) 6 6 
 
Those who have not heard of the trail skip to Qu.22 
10a.  Where did you first hear about the trail?  (circle one only) 
10 b.  Where else have you heard about it? 
 10a. 10b. 
From staff at the winery 1 1 
From signage at the winery 2 2 
From brochure at the winery 3 3 
Word of mouth (friends, family, colleagues etc) 5 5 
Greening Waipara brochure/leaflet (off site) 6 6 
Newspaper/TV report 7 7 
Other (specify: ______________________ ) 9 9 
10c. Have you walked this trail today? 
Yes 1  Skip to Q.11a. 
 No  2   
  
10d. If „No‟: Why didn‟t you walk the trail today? 
10e. If more than one answer given: What is your main reason for not walking the trail? 
 10d. 10e. 
No time 1 1 
Not interested in these issues 2 2 
Personal physical constraints  3 3 
Interpersonal constraints (eg kids, other people not 
interested) 
4 4 
Been on a similar trail elsewhere  
(Specify: _________________________________) 
5 5 
Been on this trail before 6 6 
Other: _________________________ 7 7 
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Those who have not been on the trail, skip to Qu. 22 
11a. Why did you decide to go on the trail today? (multiple response) 
11b.  If more than one reason: What was your main reason for going on the trail? 
 11a. 11b. 
To fill in time 1 1 
To explore the vineyard environment 2 2 
To learn about the GW project/ biodiversity etc 3 3 
To stretch legs after lunch/tasting etc 4 4 
To get some exercise 5 5 
Someone else wanted to (eg partner, kids) 6 6 
Other: _______________________________ 7 7 
 
12.  How long did you spend on the trail? 
Less than five minutes 1 
5-10 minutes 2 
10-15 minutes 3 
15-20 minutes 4 
More than 20 minutes 5 
 
13.  Who did you go on the trail with? 
Alone 1 
Partner/spouse  2 
Child/Children under 10years 3 
Group of friends/family no child/children 4 
Group of friends/family with child/children 5 
Part of tour/special interest group 6 
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14.  I‟m going to read out a list of statements about the trail you have been on. I‟d like you 
to tell me to what extent you agree or disagree with each statement. [SHOWCARD 4] 
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Access on the trail is very good for all abilities  1 2 3 4 5 0 
I would have liked more information on the trail  1 2 3 4 5 0 
There was a good connection between the signage and the displays  1 2 3 4 5 0 
There was a good connection between the signage and the plants 1 2 3 4 5 0 
The trail should be longer 1 2 3 4 5 0 
I read all of the information on the trail today 1 2 3 4 5 0 
The trail presented too much information to absorb 1 2 3 4 5 0 
The trail gave me a better idea of how a vineyard works 1 2 3 4 5 0 
The trail is an interesting way to learn about the value of 
biodiversity 
1 2 3 4 5 0 
The trail is a good way for children to learn about biodiversity  1 2 3 4 5 0 
The trail gave me a better idea of how grapes are grown 1 2 3 4 5 0 
The trail improved my understanding of the value of biodiversity in 
modified landscapes such as a vineyard 
1 2 3 4 5 0 
I learnt about the value of insects in a vineyard environment  1 2 3 4 5 0 
I learnt about the value of birds in a vineyard environment 1 2 3 4 5 0 
I learnt about the value of plants in a vineyard environment 1 2 3 4 5 0 
The trail added to my experience of the winery today  1 2 3 4 5 0 
The trail made me feel more connected to this winery 1 2 3 4 5 0 
I‟m more likely to buy wine from this vineyard after taking the trail  1 2 3 4 5 0 
 
15.  What did you enjoy most about the trail? 
16.  What did you like least about the trail? 
17. What could be improved on the trail? 
18. If accompanied by children: What was the best thing about the trail for children? 
19. If accompanied by children: What about the trail could be improved for children? 
20. Would you recommend the trail to others visiting Waipara? 
Yes 1   
 No  2   
Don‟t Know 3 
  
21.  Have you been on a trail like this in a vineyard before? 
Yes 1. Specify:________________________ 
 No  2   
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All respondents: 
22.  Apart from the biodiversity trail, did you see or hear anything about the Greening 
Waipara project at this winery? 
Yes 1.  
 No  2  Skip to Q. 24 
 
23. If Yes: Where did you see or hear about it?   
Brochure/Leaflet 1 
Display/Poster 2 
Newsletter 3 
Staff member talked about it 4 
Other (Specify): 5 
 
24. Did staff offer you a Greening Waipara leaflet to take home? 
Yes 1.  
No  2   
 
25. Did you take a Greening Waipara leaflet with you? 
Yes 1.  
 No  2   
 
Finally, a couple of questions to help us analyse our results. 
26. How often do you consume wine on average? [SHOWCARD 5] 
Never 1 
Daily  2 
Weekly 3 
Fortnightly 4 
Monthly 5 
Several times a year 6 
Less often 7 
 
27. How often do you buy wine on average (for yourself or someone else)? 
[SHOWCARD 5] 
Never 1 
Daily  2 
Weekly 3 
Fortnightly 4 
Monthly 5 
Several times a year 6 
Less often 7 
  
 272 
28. Including today‟s visit, how many wineries or vineyards have you visited in the past 
12 months? This includes visits to wineries for meals, tastings or for an event or function. 
1 winery 2 
2-4 wineries 3 
5 – 10 wineries 4 
More than 10 wineries 5 
 
29. How would you describe your level of wine knowledge [SHOWCARD 6] 
Advanced:  International knowledge of wines, have completed 
wine courses, confident about wine knowledge. 
1 
Intermediate: Know different wine styles and can identify at 
least some of them. 
2 
Basic Knowledge: Know the names of most wine styles but 
can‟t identify differences between them. 
3 
No Prior Knowledge: of wine. 4 
 
30. Did you buy wine on your visit to this winery today? 
Yes 1  Number of bottles _______ 
No  2   
 
31. Did you buy anything else on your visit today? 
Yes 1   
No  2  Skip to Q.33 
 
32. What else did you buy? (multiple response) 
A meal 1 
A snack/drink  2 
Produce (jam, chutney, nuts, etc) 3 
Other specify:  _______________________ 4 
Other specify: ________________________ 5 
Nothing 7 
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33   Who did you travel with on this trip? (circle one only) 
Travelling alone  1 
Travelling with partner/spouse  2 
Travelling with friends  3 
Travelling with family  4 
Travelling with family and friends  5 
Travelling with business associates  6 
Travelling as part of a special interest group 7 
Other, Specify:  8 
 
34. What was your main form of transportation for this trip to Waipara? (circle one only) 
Private Car 1 Campervan 2 
Rental Car 3 Public Bus 4 
Bus Tour 5 Motorbike 6 
Bicycle 7 Other 8 
 
35.  What is your occupation? ______________________ 
If retired, ask: What was your occupation before you retired? 
____________________ 
36. What is the highest form of education you have achieved? [SHOWCARD 7] 
No formal qualification 1 
High school qualification 2 
Trade qualification 3 
Degree 4 
Higher degree 5 
Other tertiary qualification Specify:_______________________ 6 
 
37. Which age group do you belong to? [SHOWCARD 8] 
18-19 1 50-59 5 
20-29 2 60-69 6 
30-39 3 70 plus 7 
40-49 4   
 
38.   Don‟t ask: record correct response 
8.7.1.1.1.1 Male  1 
Female 2 
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A.10 Map locating the ten native planting sites in the Waipara 
valley, North Canterbury. 
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A.11 Survey sent to Waipara Winegrowers  
This survey has been designed so that it can be completed within 10 minutes 
This survey aims to determine your use of certain practices in your vineyard. Your 
participation will contribute to current research in our Bio-Protection Research Centre and 
help guide future research. 
Thanks for taking the time! 
 
After filling out this survey, please save it and return it as an email attachment to: 
Jean-marie.tompkins@lincolnuni.ac.nz    (Alternatively you could print and fax it) 
 
Question 1. (Please mark appropriate box) 
In your 
vineyard… 
Require no 
management 
Require minimal 
management 
Require moderate 
management 
Require a lot of 
management 
Weeds     
Grass grub (adults)     
Leafrollers (light 
brown apple moth) 
    
Botrytis (grey 
mould) 
    
Birds (pest species)     
 
Question 2. In your vineyard each year… 
 
 Herbicide to manage weeds is applied (approx): 
Not applied   once/year  twice/year  3 times/year  4+ 
times/year 
 
 Insecticide is applied: 
Not applied   once/year  twice/year  3 times/year  4 
+times/year 
 
 Fungicide is applied: 
Not applied once/year 2-4x/year  5-7x/year  8-10x/year  
10+/year 
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Adoption of agricultural practices in your vineyard 
Looking at two potential agricultural practices: 
 
Practice 1: Management of leafrollers by using flowers such as buckwheat to increase 
the efficiencies of this pest’s natural enemies 
 
Question 3. Did you become aware of this practice through the Greening Waipara project? 
Yes   No, I learnt of it elsewhere I‟m unaware of this practice (Skip to Practice 
2) 
 
Question 4. Do you use this practice in your vineyard? 
Yes I use this practice    No I do not use this practice (Skip to Question 
6) 
→Year I began this practice?      
 
Question 5. Do you think you were motivated to adopt or trial this agricultural practice due to 
the Greening Waipara project? 
Yes   No    Partially 
(Please now continue to Practice 2) 
 
Question 6. How important were the following factors in your decision NOT to adopt this 
practice? 
OR 
Management of leafrollers is not required in my vineyard→ Please go to Practice 2. 
 
 
(Please mark appropriate box) 
Very 
important 
Quite 
important 
Not very 
important 
Not at all 
important 
Risk involved     
Initial investment($,labour)     
Disruption to normal practices     
Market requirements     
Other reason for not adopting this 
practice? (Please state) 
      
 
 
 
 
 
 
 
 
Other comments:      
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Practice 2: Management of weeds in the vineyard by growing ground- 
                   covering native plants beneath the vines 
 
Question 7. Did you become aware of this practice through the Greening Waipara project? 
Yes  No, I learnt of it elsewhere I‟m unaware of this practice (Skip to 
Question 11) 
 
Question 8. Do you use this practice in your vineyard? 
Yes I use this practice    No I do not use this practice (Skip to Question 
10) 
→Year I began this practice?      
 
Question 9. Do you think you were motivated to adopt or trial this agricultural practice due to 
the Greening Waipara project? 
Yes   No    Partially 
(Please now continue to Question 11) 
 
Question 10. How important were the following factors in your decision NOT to adopt this 
practice? 
OR 
Management of weeds is not required in my vineyard→ please go to Question 11. 
 
(Please mark appropriate box) Very 
important 
Quite 
important 
Not very 
important 
Not at all 
important 
Risk involved     
Initial investment($,labour)     
Disruption to normal practices     
Market requirements     
Other reason for not adopting this 
practice? (Please state)  
i.e. It would complicate weed 
management 
      
 
 
 
 
 
 
 
 
Other comments:      
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Question 11. If they were required within your vineyard, would you consider adopting these 
agricultural practices? 
(e.g., if in the future, leafrollers became a problem in your vineyard, would you use floral 
resources in the vineyard inter-rows?) 
 
(Please mark appropriate box) Definitely 
use 
Maybe 
use 
Probably 
not use 
Definitely 
not use 
Manage leafrollers by using flowers 
(buckwheat etc) in the vineyard inter-
rows 
    
Manage weeds by growing ground-
covering native plants beneath the 
vines 
    
 
Potential uses of native plants in vineyards 
 
Question 12. Which of the following uses of native plants would you consider adopting? 
(Please mark appropriate 
box) 
N/A I do 
this 
Definitely 
use 
Maybe 
use 
Probably 
not use 
Definitely 
not use 
As hedging to create 
windbreaks 
      
As a groundcover to 
suppress weeds beneath the 
vines 
      
To provide flowers for 
beneficial vineyard insects 
      
To filter winery waste water       
To reduce soil erosion in the 
vineyard 
      
To conserve fauna on your 
land (encourage insects, 
skinks, geckos etc.) 
      
To contribute to native plant 
conservation 
      
For marketing purposes       
 
Other reasons for using native plants in or around your vineyard: (Please state uses) 
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Question 13. To what extent do the following factors lead you NOT to use native plants in or 
around your vineyard in these ways? 
 
(Please mark 
appropriate box) 
Lack of 
knowledge 
Initial 
investment 
(inc. labour) 
Risk 
involved 
Disruption to 
normal 
practices 
Not 
interested 
As hedging to create 
windbreaks 
     
As a groundcover to 
suppress weeds 
beneath the vines 
     
To provide flowers 
for beneficial 
vineyard insects 
     
To filter winery waste 
water 
     
To reduce soil erosion 
in the vineyard 
     
To conserve fauna on 
your land (encourage 
insects, skinks, 
geckos etc.) 
     
To contribute to 
native plant 
conservation 
     
For marketing 
purposes 
     
 
Other reasons for NOT using native plants in or around your vineyard in these ways: 
(Please state uses) 
      
 
 
 
Your involvement in the Greening Waipara project 
 
Question 14. Are you aware of the Greening Waipara project? 
Yes  No (If „No‟ skip to Question 16.) 
 
When did you learn of the project? 
2004      2005     2006      2007      2008      2009 
 
Question 15. Are you involved in the Greening Waipara project? 
(undertaken plantings or helped out with the project) 
 
Yes  No (If „No‟ skip to Question 16.) 
 
When did you become involved in the project? 
2004      2005     2006      2007      2008      2009 
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Effects of the Greening Waipara project 
 
Question 16. To what extent do you agree with the following statements? 
The Greening Waipara project 
has… 
Strongly 
Agree 
Agree Neutral Disagree Strongly 
Disagree 
Increased my awareness of 
sustainable agricultural practices 
     
Motivated me to undertake some 
sustainable agricultural practices 
     
Provided point of difference 
marketing opportunities  
     
Provided greater regional (Waipara) 
brand recognition 
     
Created or improved collaborative 
links between researchers and 
winegrowers 
     
Improved access to wine and 
vineyard- related research findings 
     
Increased sales / winery visits for me      
Please describe any other effects you think the project may have had: 
      
 
 
Personal questions (to help us analyse the data- kept confidential) 
 
Years involved in 
viticulture: 
0-4 years 
5-9 years 
10-19 years 
20-29 years 
30+ years 
Current position: 
Owner 
Manager 
Owner & manager 
Employee 
Other (please 
state):      
 
Education –qualification 
achieved: 
No formal qualification 
High school certificate 
Trade qualification 
Tertiary Degree 
Higher Degree 
Other (please state): 
Gender: 
 
Male    
 
Female  
 
Years involved in 
Waipara viticulture: 
0-4 years 
5-9 years 
10-19 years 
20-29 years 
30+ years 
 
Vineyard size 
(please state 
acres/ha): 
      
 
Country where you were born: 
      
Age: 
18-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70+ 
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General comments box: 
 
(Feel free to write any 
comments you may have 
about the survey here) 
 
      
Thank you for completing the survey, your time is very much appreciated! 
 
After filling out this survey, please save it and return it as an email attachment to: 
Jean-marie.tompkins@lincolnuni.ac.nz 
(Alternatively you could print and fax it using the details below) 
If you have any questions regarding this survey please feel free to contact us. 
 
Jean Tompkins (PhD Candidate)     Steve Wratten (Supervisor) 
Bio-Protection Research Centre   Email: steve.wratten@lincoln.ac.nz 
PO Box 84  
Lincoln University 7647 
Canterbury, New Zealand 
Email: jean-marie.tompkins@lincolnuni.ac.nz 
Phone: (03) 321 8386 Mobile: 021 865 326 
Fax: +64 3 325 3864 Attn. Jean Tompkins  
 
For information on the Greening Waipara project see: http://bioprotection.org/greening-
waipara 
 
 
